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TO 


GEORGE BIRKBECK, Esq. M.D. 

PRBSIDENT OF THE LONDON MECHANICS’ INSTITUTION, 
tfC. SfC. 8fC. 


Sir, 

In an age like tlie present, when the rich efnd tlie 
powerful identify tlieir interests with the welfare of the 
poor and uninformed, when die wise and the good com- 
bine in furthering the diffusion of sound principles and 
useful knowledge among those who constitute the most 
important, though hitherto the most neglected, portion of 
the community, there is not one who. can view the future 
in the past but must anticipate with such data before 
him, a change as brilliant in its effects, as it is honour- 
able to those who are engaged in promoting it. 

The advanced state of science, and the comprehen- 
sive views of a just and liberal philosophy, animate 
those who for many years have compared theory with 
practice to come forward ui tlie hope of being able to 
offbr something in aid of the common cause. 
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Such feelings, Sir, have encdura^d me to publish the 
following pages, which, as^^a^ earnest of their future suc- 
cess, I am permitted to dedicate to yourself. 

A Work of this kind, combining in the most condensed 
form the acknowledged principles and recent improve- 
ments in Mechanical Science, and professing to be 
adapted in every possible way to the use of the Me- 
chanic and Machinist, could not well find a Patron more 
congenial to its Spirit than one, who, during a long 
scries of years, has laboured with no common devotion 
in promoting their benefit. 

I am. 

Sir, 

Your most obedient and 

much obliged humble Servant, 

JOHN NICHOLSON. 



PREFACE. 


The discoveries of Watt and Aukwkight, which 
yielded atonco such immense national as well as individual 
prosperity, must ever be regarded as forming a new era 
in the arts of life and the domestic policy of nations. 
The riches, extraordinary as un|u‘ecedented, inexhaus* 
tibic as unexpected, thus acquired by a skilful system of 
mechanical arrangement for the reduction of labour, 
gave the impetus which has led to the numerous dis- 
coveries, inventions, and improvements, in every de- 
partment of our manufactures, and raised them to their 
present state of perfection. 

With respect to our primary and most elaborate pieces 
of inech.inism, how’cver intricate and incomprehensible 
they may appear to the inexperienced, they are in the 
eye of the practical man nicie elegant modifications and 
combinations of a few simple principles. These princi- 
ples, after some necessary observations on t!ic Forces 
acting on Matter, on Friction, and the Centre of Gravity, 
are fully elucidated in the account of “ The Mechani- 
cal I’OVVEUS.’ 

Those are followed by wh it is indispensably necessary 
to the proper construction of Mill -work, viz. a descrip- 
tion of Bevel and Spun Geer, the longitudinal connex- 
tion of Shafts, termed Coupling, the most approved 




method of disenoaoino and RE-ENOAoiNa MACHiNEnr, 
and of the Equalization op Motion, with some gene- 
ral Practical Observations, given under the article “Mill 
Geering.” 

The reader who attentively peruses these articles will 
be in possession of the primary points of Mill- Work ; 
we have, therefore, next introduced to his notice, under 
Animal Strength, Water, Wind, -and Steam, the 
best modes of applying the Moving Powers ; and to 
them is annexed a short, though concise, account of 
BrowH*s Vacuum or Pneumatic Engine, which may, 
with improvements, be made most effective for locomo- 
tion and other light purposes. 

As the reduction of wheat into flour forms so essential 
a part of domestic oeconomy, and as the force which 
gives a rotatory motion to the upper mill-stone is almost 
invariably imparted either by wind or water, we have 
thought it no deviation from scientitic arrangement, to 
introduce, at the end of tlicse two articles, a description 
of a Flour MILL ; as, by that means, the reader will 
be enabled to form a tolerably correct notion of the man- 
ner of imparting motion from the water-wheel, or leader, 
to the other parts of machinery. And while upon this 
subject we have, with a view to make the Work gene- 
rally useful, described the band and foot methods of 
grinding corn, that those who live not in the vicinity of a 
mill, or who do not choose to submit to the impositions 
said to be practised by many millers, may, at a compa- 
ratively trilling expense, have the work performed at 
home. 

A knowledge of tlic strength of materials being 
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at all times important in the construction of Mill-work, 
more particularly in those parts which have to sus- 
tain the greatest force, or put the whole of the other parts 
of the machinery in motion, we have, next to the Moving 
Powers, inserted a letter from Mr. Rennie, jun. to Dr. 
Young, describing a series of very satisfactory experi- 
ments made on this subject. 

A description of Hydraulic Engines next follows ; 
and these are succeeded by certain Simple Machines 
acting as accessories to our manufactures. So that, by the 
time the reader has advanced thus far, he will have be- 
come so thoroughly intimate will, machinery, as easily 
to comprehend and appreciate the several excellencies 
of our Staple Manufactures, which are next unfolded 
to his view. 

The whole was intended to be concluded with an ex- 

* 

amination of those arts termed Manual, in a Trofitise 
bn the Art of Building; except, indeed, with the 
addition of an Appendix, containing a short and concise 
treatise on Practical Geometry and Mp-NSUration, 
with a ^lollection of approved Receipts, and a Glos- 
sary ; but die interest which has lately been excited re- 
specting Railways and Locomotive Engines has led 
to the extension of the Work, about thirty pages, witli an 
article on those constructions. 

Although there are several very excellent treatises on 
Mechanics and Mill-work now extant, yet, presuming 
on an arrangement widely different to that of others, by 
which the least erudite and most inexperienced may ac- 
quire something more tlian a mere Superficial Knowledge 
of Machinery, the Autlior trusts that the following pages 
will meet with a favourable reception. 
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viii 

In the course of his labours he has derived mate- 
rial assistance from many of his scientific friends, to 
whom he thus publicly expresses his acknowledgments ; 
and more ])arlicu1arly to that Gentleman to whom the 
volume is dedicated 

In a Work of such a nature it is generally understood 
that extracts are justified, as the description of many 
things not new arc requisite, and the language could not 
in general be improved. In such cases, however, the 
authority has, in general, been acknowledged, and in a 
way calculated to advance the honour and . interest of 
every improver and discoverer. 

The volume in its design and execution is offered as a 
companion to the woiiksiiop, consequently abstract 
and theoretical principles have been allowed to mingle 
no further than has been pidispcnsably necessary to the 
perfect illustration of the use and application of the 
object described. Tlie Work has, therefore, no simi- 
larity to the Mathematical Illustrations of Wood, Gre- 
GOitv. or Emeuson, each of which, and more ^ particu- 
larly that of Dr. Olintiius Gregory, deserves to be 
spoken of with great respect. 

A Book comprehensive and practical, embracing the 
whole subject as living and contemporaneous, and as 
connected with private profit and public glory, instruc- 
tive to individuals and illustrative of the genius of the 
age in its best direction, has been the object of the 
Author, and he hopes he has not laboured in vain. 

London, 

March , 182.i. 
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DESCRIPTION OF THE FR6NTISPIECE. 


This Plate represents a front view of a Steam-Engine con- 
nected with a Sugar-Mill, as constructed by Messrs. Taylor 
and Martineau, who have kindly permitted our draftsman 
to make a drawing of it. 

This Engine, being only twelve times larger than the 
drawing, is, from its compactness and simplicity of con- 
struction, peculiarly applicable to most of the manufactures 
round the metropolis, where power of a moderate amount 
is in general required. 

It works horizontally, at from 30 to 401bs. pressure per 
square inch, without condenser, having metallic pistons 
and slide-valves, and only requires eight screw-bolts to 
fasten it to oak sleepers, or frame-work of moderate scant- 
ling 

A is a crank connected with the piston-rod, which, as it works in the 
cylinder horizontally, cannot be seen. B is the cylinder, into which 
steam is admitted from the boiler, by means of the pipe C C C. The 
amount of steam flowing* into the cylinder is regulatea by the throttle 
valve at D, which is opened and shut at proper intervals by the rod £ E 
E. F F is the governor, or regulator, consisting of two heavy balls, 
with the sliding collar a, suspended from the top of a vertical spindle b b, 
at the axis c. This spindle is connected with the main shaft, by a strap 
passing over the shceves or pullies, G 6 G, which cause it to revolve ; and 
as its speed varies with that of the main shaft, the governors F F, ac- 
cording as its speed increases or decreases, have a tendency either to fly 
from, or approach to, the spindle. This rise or depression of the go- 
vernor affect the rod £ £ E, to which it is connected, and regulates the 
quantity of steam flowing from the boiler into the cylinder. 

H. is pieese to connect the top part of the piston-rod with the rod f, 
so that by the motion of the crank the rod I is also moved, which rod 
moves the slide valves in the cylinder K. By the action of these valves, 
steam is alternately admitted on the opposite sides of the piston ; and as 
the engine does not condense its steam, there are two pipes, placed 
one at^each end of the cylinder, to carry it off. One of these pipes is 
seen at N. When the piston has been driven by the force of the 
steam to the bther extremity of the cylinder, the steam, by the action of 
the slide valves, is shut off from this end, and allowed to flow into the 
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- opposite end of the cylinder ; the orifice of the pipe N, lining at the same 
' time opened, the steam at tliis end is, by the returning action of the 
piston, driven throuirh the pipe N, and conveyed away under g-roimd, 
. leavings this end of the cylinder roadv for a fresh supply. 

The power generated by this simple arrangement is made to effect the 
reqiiitea puri>osc by moans of the shafting O O O. On this shafting, at 
a little distance from the engine, is an eccentric, L, to raise the rod M , 
to pump water into the boiler when required: and at nearly the further 
end of the shafting is another eccentric, W, which imparts motion to the 
rod V, for the purpose Avhich we shall here after describe. 

The rotatory motion wliich the crank has received from the engine is 
imparted to the sliaftiiig, to the eccentric L, the couplihg-hox </, the 
fly-wheel P, the eccentric W, and the pinion Q. wtiieh plays in the large 
cog-wheel, R, on the shaft S, and thence is imparted to the rollers of a 
sugar-mill, which rollers are moved at equal speeds by the pinions U U. 

Ill this, and most other Sugar-mills, there are three rollers, 
two at the bottom, and one lying between the other two at 
the top. Through these rollers sugar cancs are passed, and 
the compressed juice fiills into a receiver, from whence it 
is pumped, by the movement of the rod V, into a copper, or 
other receiver. At that part of the shafting marked e e, 
sufficient space is left to allow of play when the caries are 
passed through the rollers, otherwise the shafting would 
be very apt to snap and be destroyed* , 
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MECHANIC AND MACHINIST 


OF THE ACTION OF FORCES. 

All matter is continually under the operation of forces, 
which, if acting upon it equally, and in opposite directions, 
maintain it in a state of rest. But if a newly created force 
act upon a body in such a direction, and to such an 
extent, as to overcome the forces under whose action that 
body, in common with all other matter, exists, the result 
will be motion communicated to that body; and in an 
exact proportion as that newly created force exceeded the 
amount of forces that were previously acting upon it in the 
opposite direction. For example, if a man lift a pound 
weight three feet from the ground, the amount of motion 
created by that action is exactly equal to the amount bis 
newly created force exceeded the force of gravity or weight 
which acted on the matter : for if his force had not exceeded 
the force of gravity, it is manifest that that motion could not 
have been created ; and if the force of gravity had not existed, 
it is again manifest that the amount of motion would be 
exactly in proportion to the amount of the whole of the force 
he had applied. Again, if his force only exactly equalled, 
and did not exceed the force of gravitation, motion could not 
have taken place, and the body would have remained at rest« 
This state of rest, maintahied by the contrary action of 
two equal forces upon a body, is called equilibrium. But 
the term equilibrium is most commonly applied when one 
or more bodies are, by the mere force of gravitation, main- 
tained in a state of quiescence, or rest: thus, if a bar of 
iron, A B, fig. 1, is supported at its centre C, it will balance, 
or remain horizontal, as the quantity of matter in C A is 
exactly equal to that in C B, and the amount of the gravitating 
force proportional to the quantity of matter that is in each 
arm of the bar: likewise, if a ball. A, fig. 2, be acted upon 
by a force at B, and by another force, exactly equal, at C, 
the ball A will be maintained in a state of quiescence, termed 
oquilibrious. 



2 THE OPEftATIVE MECHANIC 

[n th6 common operations of mechanics^ the former 
state of equilibrium frequently occurs ; the lattep rajely, 
aild never with any permanent duration; by the term 
equilibrium, therefore, in general, is understood, the position 
hrst cited. 

Upon duly considering that matter, when between forces 
acting in opposite directions, is in a state of equilibrious 
quiescence, it will be manifest, that motion cannot be 
obtained without destroying the equilibrium. It must 
not therefore be supposed, that the forces of gravitation 
or adhesive attraction can produce motion, as has been 
erroneously urged by some, but rather that all the mo- 
tion these powers are capable of producing was primarily 
exerted to bring matter into that state of equilibrium in 
which we find it. Wherever that equilibrium is disturbed 
by extraneous causes, the resultant motion, attainable by 
such disturbance of the general equilibrium, has long since 
been known, and applied to useful purposes. Wc may with 
propriety, therefore, deduce from these considerations, the 
perfect fallacy of that most ruinous and speculative notion of 
a perpetually moving force. Many who have wasted their 
time in attempts to attain that object, hare cither supposed 
that the force of gravitation could obtain motion, or that 
motion once obtained could of itself increase its force ; which 
was about as rational as to suppose that any substance could 
of itself increase its own bulk. The powders with which 
nature has supplied us, have, as far as we are aw'are of, 
been already applied ; and should there be others existing of 
which we are ignorant, or w Inch wc have not reduced to our 
command, the search for, and developement of such objects, 
are praiseworthy and valuable; but let us with confidence 
hope, that the labours of ingenuity will no longer be drawn 
aside from the paths of prolific study, by this destructive 
phantasy. 

Returning from this digression, when a body is operated 
upon by a force, and acquires motion, that motion, taking 
into account the amount of space through which the body 
passes in a given time, is called the velocity of the body; 
and according as the extent of distance increases or decreases 
in a greater or less period of time, the velocity is said to 
increase or decrease. 

If a force acting upon any body, and causing motion, 
shall continue to act upon it in the same direction, so as 
to continue to increase that motion, the body,, under such 
circumstances, is said to attain accelerated velocity. And 
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if a body be put in motion by a certain force^ and another 
force operate upon it in a contrary direction^ so as to tend 
to bring it to a state of equilibrium^ such motion is csdled 
retarded motion.* 

♦ 

* The simplest example of accelerated motion, is exhibited in the 
action of the force of gravitation upon a falling body, where the force 
continues no act during its descent, and regularly increases in velocity ; 
so that if a body A, fig. 3, be allowed to fall from that position towards 
the earth, it will pass through sixteen feet during the first second of 
time, forty^eight feet during the next, and eighty feet during tlie third. 
Had its motion been regular during these three seconds of time, it would 
have passed through only three times sixteen, or forty>eight feet, whereas 
it has passed through one hundred and forty-four feet, by reason of the 
force which first caused its motion continuing to act upon it. Now as 
its velocity increases regularly, we may conclude, that during the per- 
formance of the first half of the sixteen feet, it was not proceeding at the 
rate of sixteen feet per second; and if we suppose it was proceeding 
only at half that velocity, then it must have travelled through the second 
half at the rate of thirty-two feet per second ; or, if the first eiglit feet 
took three quarters of the second, the second eight feet must have been 
performed in the remaining quarter, therefore, when the body arrived at 
B, it would be proceeding at the rate of thirty-two feet per second ; to which, 
if we add the force that continues to urge it at the rate of sixteen 
feet per second, will exhibit, for the second space, a velocity of forty- 
eight feet per second : and if for the third space we double its increasing 
velocity of thirty-two feet, and add that cieated by the continued force, 
we shall have twice thirty-two, and sixteen, are eighty, which is the 
Tesult of experiment. The velocity of bodies under the continuous action 
of any given force, will, it appears, increase as the odd numbers 1, 3, .5, 
7, 9, &c., that IS, sixteen feet during the first second, thrice sixteen feet 
during th'* next second, five times sixteen during the third second, and 
so on; or, as ..ic relative portions of the superficial space under equal 
parts of the perpendicular in a right angled triangle, as represented 
at fig. 3 : where . o 1 represents the first second of time, 1 to 2 the second, 
and 2 to 3 the third. It will be perceived, that under each of these por- 
tions, tiie space contained in the triangle will be as 1, 3, 5; suci> is uniform 
accelerated motion. But if the continuous force, w'hich has been shown 
to increase the velocity, vary in its action upon the body, it is plain the 
increase will be no longer uniform. 

From a clear comprehension of the acceleration of motion in bodies 
the retardation of notion will be easily conceived: for example, if a 
body be cast perpendicularly from the earth, as in the firing of a shot 
from cannon upwuids, the force of the powder, overcoming the force 
of gravitation, will cause the ball to rise with a certain velocity, whilst 
that attraction continuing to operate in the opposite direction, checks 
by regular gradations the created force, and eventually destroys it. 
Thus the distance which the shot would have accomplished during the 
first second of time, is reduced by sixteen feet; that which it would 
have accomplished during the next second, by forty-eight; and so on 
until the created power is counterbalanced by the force of gravity, and 
the ball arrives at a state of rest ; when the force of gravity acting upon, 
it solply, will cause it to move in the opposite direction, till it descends to the 
earth 


b2 



4 


TIIK OPKllATIVE MECHANIC 


When ii ball, attached to a centre by a flexible cord, is put 
in motion by any one forCeJ, which, in common with all other 
forces, acts in a right line, the motion will be circular. The 
tendency which such body has to fly from the centre, is 
called the centrifugal force; and that "exerted by the cord to 
draw it towards the centre, the centripetal force. 

When a body is set in motion by any force, it is enabled, 
to a certain extent, to act on other bodies, and create 
motion in them; and, as the velocity it obtained was as 
the power expended to create that motion, so is the power 
of transmitting that motion to its velocity. This power 
of communicating motion, or, in other words, this force 
possessed by matter in motion, is termed momentum^ or 
the moving force; and the mode of transmitting it, impact: 
as this -force is proportional to the velocity possessed by 
every particle of matter composing any body, the mo- 
mentum must be represented by the quantity of matter 
multiplied by its velocity. For instance, suppose one hun- 
dred particles of matter were moving at the rate of one foot 
per second, the power requisite to overcome their force 
is exactly the same as that which would be necessary to arrest 
tlie motion of one particle moving at the rate of one hundred 
feet per second: for the velocity of the hundred particles 
being one foot per second each, their total force would be^ 
the force existing in one of them multiplied by one hundred : 
and again, as the force is in proportion to the velocity, one 
particle moving at the rate of one foot per second, multipled 
by one hundred in regard to velocity, will produce a similar 
result. Also, if a body of one pound weight be moving at 
the rate of one foot per second, it will possess a certain 
momentum^ and if either its \veight or its velocity be doubled, 
its momentum will be likewise doubled : if both be doubled, 
the momentum will be quadrupled. 

Having now considered the action of one and tw'o forces 
acting together in opposite and similar directions, we will 
proceed to examine the action of two forces upon a body, 
acting iieitlier in the same, nor in contrary directions. Thus, 
if the line B, fig. 4, represent a force sufficient to carry 
the body A to the point B, and A C represent another 
force sutlicicnt to carry the body A to the point C, then 
A C and A B being equal to C D and B D, and those two 
forces act upon tlie body subsequently to each other, we 
may conceive that the body would, by passing over the 
lines A H and B D, or A C and (" D, be carried to the point 
D. Now, if they act upon the body at the same instant, 
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the result will be the same, the total expenditure of the 
forces will place the bo^ly, passing by tlie line A D, at the 
point D. Likewise, if the forces A S and A C be not at right 
angles, as in fig. 5, still as CD and BD are equal, and in 
similar directions to A B and AC, the motion received from 
them^y A will be represented in amount and direction by 
the llM A D. But supposing A B shall be twice or thrice 
the power of A tlien the efiect will be the same as is shown 
in fig. 6, where the line AjB represents thrice the power of 
A C. The separate actions of A B and A C will be repre- 
sented as before by B D and C D, which would place the 
body A at the point D ; therefore their combined force will 
cause it to pass by the diagonal line AD, as in the former 
instance. This pioves that any number of forces acting 
upon a * body in however many lines, not directly opposite 
to each other, will be compounded into one force : for suppose 
three forces, A B, AC, and A F, fig. 7, to operate in their 
several directions at the same .instant, on the body A, they 
will be compounded into the force represented by A I ; for if 
we describe a parallelogram as before by the lines A B and 
A C, those two forces will be compounded into a force repre- 
sented by A D ; and again, if we do the same with the two 
ibrees A C and A F, we slmll have the force A H composed of 
them. We have therefore two forces A D and A H com- 
pounded of the three original forces. If we proceed with 
these two in the same manner, they \dll be compounded into 
the force represented by A I ; D I and H I completing the 
parallelogram of which A I is the diagonal : so that any num- 
ber of forces acting in any number of directions, excepting 
in opposite ones, may be compounded into one, which is 
termed their composant^ and which is always represented by 
the diagonal of a parallelogram, like that already shown. 

The resolution of forces is exhibited by reversing this 
problem ; for as any number of forces may be combined 
into one force, so may one force be resqlved into any 
number. If a single force be represented by a ball mov- 
ing with a certain velocity in the direction of the line A B, 
fig. 8, when it shall come in contact with and act upon the balls 
C and D, these two balls will each of them move with one 
half of the velocity with which B was impelled, and in the 
direction of the lines C H and DI, drawn from the centre of B 
through each of their centres : so that if the force of B he 
dinded into two equal portions, each of those portions 
ma}^, by a similar process, be again divided, resolving the 
original force to infinity. 
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The next effect of forces upon bodies producing motion^ 
is that in which a body receives motion from one force^ 
whilst it is under the continuous action of another force, not 
acting upon it in an opposite direction. Suppose the ball 
fig. to be ejected from the mouth of a cannon, the in- 
stant it has left it at A, it will be under the influence jof the 
force of gravitation, which will cause it to descend fKlrards 
the earth in the manner already shown when speaking of 
accelerated motion, and ultimately will bring it to a state of 
rest at the point B : for supposing that the ball, by the 
force of the powder, leaves A, and travels in the first second 
of time a^iven number of feet, expressed by the line A C, 
the gravitating force during such action will cause it to 
descend sixteen feet, expressed by the line C D ; and during 
the next second, supposing the powder to have impelled it 
the distance expressed by the line D £, the gravitating force 
will cause it to fall forty-eight feet, as is shown by E F ; and 
during the next portion of its horizontal motion, expressed 
by F G, its descent by gravitation will amount to eighty 
feet, represented by G B. The line, therefore, in which 
the body would move when acted upon by these two forces 
only, would be that of a parabolic curve : but as Ihe re- 
sistance of the air is to be taken into account in J1 practical 
cases, theline of motion changes very considerably, and assumes 
one that involves a problem of exceeding complexity ; u Jiich, 
together with many other results of the effects of combined 
forces, is of such intricacy as to demand much more room for 
their solution than the limits of this work will permit us to give. 

OF FRICTION. 

The surfaces* of bodies, however smooth they may ap- 
pear to be, will be found, upon a minute inspection, to possess 
certain irregularities : so that if the body A B, fig. 10, have 
to move upon the surface of the body C I), and the lower 
surface of A B possesses prominences which enter into 
cavities in C D, it is manifest that A B cannot be moved 
along unless it cither rises and falls the height of the several 
prominences, or breaks them off : in the first, it will have 
to overcome the attraction of gravitation ; in the second, the 
attraction of cohesion. Again, if the body AB, fig. 11, be 
placed between C D and £ F, which are pressed against its 
sides by any applied force, and their surfaces be similar to 
those in the former instance, to effect the movement of A B, 
the attraction of coliesion must be overcome, as before 
shown, or the applied force must be conquered. Such Is the 
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almost universal nature of that resistance called, friction ; for 
although the irregularities upon the surfaces of bodies are by 
no means so manifest as those here; represented^ stilly upon 
minute examination, we are enabled to discover that the 
smoothest surfaces contain them ; and as the amount of resist* 
ance increases in direct proportion as the irregularities present 
themselves, we are warranted in concluding that all resistance 
arising from friction owes its origin solely to this cause. 

OF TUB MECHANICAL POWERS. 

Ths mechanical powers are six in number, the lbvbr, 
the WHBBL and axle, the pulley, the inclinep pxanb, the 
WEDGE, and the screw. A perfect knowledge and thorough 
appreciation of which should be clearly understood by those 
who purpose to examine into the effects of mechanical com* 
binations ; the whole of which, however intricate, originate 
from, and are reducible to, one or more of the laws which 
govern these simple machines. 

In demonstrating the mechmiical powers, that which is not 
strictly true r w... be admitted : the force of gravitation, the 
retardation of friction, the resistance of the atmosphere, 
and the irregularity arising from the partial elasticity of the 
substances of which they are formed, must be excluded, and 
supposed not to e"'h>t. 

The first-mentioned power is the /ever, which is divided 
into three classes. In fig. 12, A B is a lever, and C the 
fulcrum, or immovable point on which it rests : now, if 
a force be applied at B, and the resistance, or the force or 
weight to be overcome, is at A, then, wjth the fulcrum so 
situate between the forces, it is called a lever of the first 
class ; and the operation of the force at B to overcome .the 
resistance at A, will be in proportion as the distance A C is 
to the distance B C ; that is to say, if B C be four times the 
distance of A C, the force applied at B will be exactly equal 
to four times the same amount of force at A ; or one pound 
weight at B will counterbalance four pounds weight at A ; 
but to whatever height (suppose one foot) the >vcight at A 
be raised, B must descend four times that space, and con- 
sequently, to place B in its original position, the force applied 
must be equal to the raising of four single pounds one foot 
each, which is the same as the raising of four pounds one 
foot, as was effected at A. 

An actual gain of power does not exist, but the gain in 
convenience is great ; for, by the operation of one pound, 
four pounds is moved, which, bilt for the invention of the 
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lever, could not have been efFected. A man wh^e utoimi 
strength could lift no more than one hundred an^ fiity 
pounds is by this means rendered capable of giving motion 
to four times that weight, although he is obliged to exert liis 
strength through four times the distance. A lever of the 
liecond class may be represented by supposing A to be the 
fulcrum, B the force applied, and C the weight,' or reastance 
to be overcome. The effect of this lever must be ^imated 
by comparing the distances C B to A B ; the power will in- 
crease or diminish exactly in proportion as A ]B exceeds C B, 
and the distance that B moves through will increase exactly 
in the same proportion. 

Suppose, in reference to the same figure, C to be the force 
applied, A the fulcrum, and B the resistance, it will then 
represent a lever of the third class. The eflect of levers 
of this class is to lose power for the purpose of gaining either 
motion or distance. For if, in the last mode, the power ap- 
plied at B increased as the length of A B became greater 
than C B, it is plain that in the present case, the resistance 
at B is placed in a position to gain by the same law : there- 
fore, the nearer the force is placed to B the greater will be 
the effect ; and when applied at B, the greatest ; but when 
the force is at B, it is applied direct to the resistance, and 
the lever is abandoned; consequently C, in every position 
between A and B, loses power to a greater or less extent. 
As the inoyemetit of C, in the last case, wa^ one lialf that 
of B, so in the present case will the movement of B be twice 
that of C, 

In particular operations, levers of each of these classes 
have their particular uses. The simplest application of tlie 
first sort may be seen in scissors, .shears, forceps, &c. the 
pin in the joint is the fulcrum, the hand is the force applied, 
and the substance to be cut or pinched is the resistance to 
be overcome ; the second sort of lever is presented to us in 
the cutting knives used by last-makers, where the hand is 
the power,' the ring into which the other end of the knife 
is hooked is the fulcrum, and the object to be cut is the 
resistance. Common fire-tongs are levers of the third class, 
as they possess a capability of being extended at the ex- 
tremities : ill using them the motion of the hand produces, 
perhaps, six times its own motion in the extremities, and a 
loss of power exists in a stinilar proportion; but as they 
have to he used only for a short period, the loss of power 
ia of less importance than the convenience gained. This 
Ikst class of lever is frequently intrqdnced in machinery. 
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{at the Purpose of obtaining a rapid motion j and as the same 
object naa been aimed at m the construction of almost aU 
animidtf> we find that nature has introduced it most fre- 
quently. 

We have considered the operations of the. lever by the 
different dispositions of the acting and resisting forces and 
the fulcrum^ under the supposition that the lines of the 
direction of the forces were at right angles to the anns on 
which they operated^ or formed tangents to the arcs which 
the movements of those arms described ; but if we alter the 
form of a lever from that of a right liue^ and the two forces 
still maintain their parallel direction^ the action on their 
respective arms will be no longer at right angles, and their 
effects will in consequence be varied ; the mode of estimating 
those effects must be also changed. Fig. 13, ABC repre- 
sents a bent lever resting upon its fulcrum B, and having 
appended to each of its arms the weights D and E, which 
are equal to each other and in equilibrium, notwithstanding 
the arm B A is longer than the arm B C. J)raw the hori- 
zontal line G H, passing through tlie fulcrum B, then the 
weights D and £ acting in perpendicular lines, we may 
imagine that D is suspended at the point 1, and£ at the point 
K, at which points they will operate similarly. Suppose K 1 
to be the lever, the amis I B and B K will then be equal, 
and if their distances are multiplied into £ and D, wliich 
are equal forces, their effects will be equid. The action of 
parallel forces upon levers, that do not receive the action at 
right angles to their respective arms, should be estimated 
by the force multiplied into a line drawn from the fulcrum, 
perpendicular to the line of direction of each respective force ; 
and whatever may be the form of the lever, it is apparent, 
that, if the lines of direction vary from being tangents to ' 
the arcs described by its arms, their effects must be esti- 
mated by the length of perpeiicticulars let fall upon the lines 
of direction in a similar manner. Recurring to fig. 13, it 
will be seen, that if the arm B A rise to the position B L, the 
perpendicular BI, if allowed to fall upon the line of direc- 
tion, will be increased from B I to B M, and that the effect 
of the force D over E will be augmented. This peculiarity 
is brought into opei*ation in a balance tliat has a graduated 
scale on an arc, as A G, the divisions of which arc decreases 
as it rises in such a maimer as to exhibit, by the movement 
of A, equal portions of force acting upon £. There is how- 
ever a case of common occurrence, iiam^, that of draw ing a 
nail with the fang of a hammer, wherein tlie effects of the 
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applied and resisting forces^ being the hand and the nail^ 
although acting Vith a lever bent at right angles^ still ope-* 
rate as though the lever were straight ; for the direction of 
the forces being changed to the exact amount of the. saYne 
angle as that to which the lever is bent^ they continue to act 
at right angles to their respective arms^ which arms udll con- 
sequently represent perpendiculars let fall from the fulcrum 
on their respective lines of direction. 

The principle of the bent lever is not unfreq»teDt]y intro** 
duced*into machinery in order to gain a g|;:eater degree of 
power. Suppose Aj 3C, fig. 14, to represent a bent lever 
moving on its fulcrum B, the operating force at A acting in 
the direction of A D, and the resistance at C in the direc- 
tion C E : now, as the line of direction of the force C falls 
upon the fulcrum, it is evident, that no perpendicular can be 
let fall from the fulcrum upon it, and consequently, the power 
of C can be nothing in comparision to that of A, whose 
perpendicular upon its line of direction is B A; for the in- 
stant the lever begins to move, suppose to A 1, C 1, then tlie 
perpendicular on the line of direction of the lorcc C, as- 
sumes a mensurable form, as B, B 1, whilst the power of A 
has only decreased from B A to B F. From this it will be 
seen that at the commencement of the action of A, its 
power over C was indefinite, but instantly after the com- 
mencement of that action ' by the movement of C out of the 
perpendicular resistance likewise commenced^ as the 
perpendicular from the fulcrum then assumed a mensurable 
amount. 


THE WHEEL ANi> AXLE, 

The next simple machine classed as a mechanical power, 
is termed the wheel and axle^ and is represented at fig. 15. 
A the wheel, B a circular bar called the axle, both turning 
upon one centre, at C. In general, the force is applied by- 
fixing a rope to the outer rim of the wheel, as represented 
by D, whilst the resistance, or the weight, or force to be 
overcome, is represented by £, attached by a. rope to the 
axle. By a simple analysis, this machine will be found to 
be merely a method of obtaining a continual action of 
levers of the first class ; for if we suppose the radius of the 
wheel to be the longer 3vm of the lever, the radius of tlie 
axle the shorter arm, and the centre on whi/*h they :turn the 
fulcrum, wc have a lever of the first class ; but from these 
two members being circular, their radii are an indefinite 
number of levers, and, by the revolving of the wheel, a 
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number of levers of this class are continually brought into 
operation. The effective power of the wheel and axle must 
therefore be calculated by the same mode as a lever of the 
first class ; for as the radius of the wheel exceeds that of 
the axle, so increases the power, and so increases the distance 
that the operative force has to pass through. 

'rhe wheel and axle is applied in the appaveatus for raising 
water from wells, and is introduced in many machines, which 
sliall be shown as we proceed. 

THJ5 PULLEY. 

Thk pulley^ represented at fig. 16, is the third mechanic 
power. It is of a circular form, fixed upon a pin that runs 
through its centre at C, and round which it revolves. The 
mode of applying the pulley is by placing a rope over its 
outer rim, to the extremities of which, . A and B, the force 
to’ be applied, and the weight or resistance to be overcome, 
are indiscriminately attached, the centre C being supported 
by the strap D. The operations of this instrument are re- 
ferable also to the action of a lever of tl.e first class; the 
pin on which it revolves is the fulcrum, and the radii of the 
circle E F the two arms, which, being equal, no augmenta- 
tion or diminution of power can arise. 

When used in this manner, the pulley is but a method 
of altering the direction of the applied force. But if in- 
verted, as shown in fig. J7, where the end of the line A is 
attached to a fixed point, the weight or resistance being 
at C, and the applied force acting upwards, the line from 
A being permanently fixed, it will become a fulcrum ; and 
tlie horizontal radii of the circle assume the position of 
that of a le ^r of <^he second class ; which gains in power as 
th<i respective forces of application and resistance are distant 
from the fulcrum ; as B, for instance, is twice as far from 
A as C, the weight or force applied at B will raise twice its 
weight at C. 

The combined action of several pullies is called a taclde, 
see fig. 18, where A and B are two pullies fixed in the position 
represented, and C D two others, capable of being either 
raisedf or lowered ; the rope E passes over A, under I>, over 
B, and under C, and is permanently fixed at F. It is there- 
fore apparent that if the tl^eight G be suspended from tlie 
centres of C and D, (both of which are in the position de- 
scribed at fig. 17,) that each of them will divide its force by 
two, and that one quarter of the weight G, placed at K, 
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will couuterbalance G. The pullies A and B being used only 
to change the direction of the action. 

The construction of tackles^ consisting of four pullies^ or^ 
as they are sometimes called^ sheeves^ is very similar to that 
represented by fig. 19. 

For a rule to estimate the force which is necessary to 
overcome any force acting at G, take half the force at G 
and divide it by the number of lower pullies in the tackle, 
and it will give the amount necessary to counterbalance it 
at £. 

THE INCLINED PLANE. 

The inclined 'plane is the fourth mechanical power. It is 
represented at fig. 20, where A supposed to be a plain 
surface, supported at one end, so that it may lay obliquely 
to the horizon. By this power a heavy weight can be raised 
with much less force than would be required to elevate it 
perpendicularly. The manner of using it for the raising of 
weights, is, to cause the applied force to act in a direction 
parallel to the plane AB, and in the direction from A to 
B, as represented by the line A E acting on the body E ; 
the power gained is in proportion to the lengtli of the line 
A C, which is the base, compared to the perpendicular C B : 
jjow if A C be twenty feet, and C B five, then A C being 
four times C B, the power gained will be as four to one, 
that is, the force equal to the raising of one pound perpen- 
dicularly, will raise four pounds along the inclined plane A B, 
which being four times the length of C B, the force will have 
to move tlirough four times the distance, as was shown to 
be the case in the use of the lever. This mechanical con- 
struction, then, offers but another mode of effecting, by the 
application of a small force for a longer period of time, that 
which would otherwise require a much more considerable 
force to accomplish it. The power gained in an inclined 
plane may be always estimated by dividing t^e lengtli of 
the base of the plane by the perpendicular height of its most 
elevated end. The applicatioix of the simple inclined plane, 
in mechanical combinations, is not very frequent in respect 
to its power ; but its introduction is by no means uncom- 
mon for the purpose of obtmning a regularly ascendingmotion. 
llie gradual ascent of roads and railways to gain the summits 
ol liUls, and the slide-ladder used by brewers in loading and 
unloading Uieir carts, arc well known applications of its 
principle. 
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TH£ W£D(jJB. 

The fifth mechanical power is the wedge; one form of 
which iMbown at fig. 21. It operates in a similar manner 
to the nulled plane ; but instead of the resistance or force 
to be ^ereome being moved along its surface, the plane 
itself, which is now called the wedge, is forced beneath the 
object to be raised. Thus, if the wedge A B move upon a 
level plane to the position A 1, the weight D will be raised 
from its position to the height D 1 ; and, consequently, 
will pa*ss over the whole upper plane of the wedge AB, and 
ultimately attain the perpendicular height B C. If A B be 
divided by B C, the quotient, as in the inclined plane, will 
represent the powjr whicMUhe wedge is capable of exerting ; 
or if A B is four times B C, the power forcing forward the 
wedge to A 1 is capable of raising the body D four times 
its own amount to the position D 1. The w'edge represented 
in fig. 22, is most generally applied to the purpose of di- 
viding wood, where the resisting force to be overcome acts 
on both sides of it. To estimate the amount of power gained 
by this form of the instrument, we must consider it as two 
inclined planes, ABC and C B D conjoined ; and as the 
forces operating at E and F are equal, we shall have, as A C 
is to C B, so is the resistance F to the force necessary to 
overcome it ; and as the force E and the othei portion of the 
wedge are similarly opposed, the total AD is to C B, as 
the total resistance F and E is to the power necessary to be 
exerted to counterbalance that resistance ; or, as many times 
as A D will go into C B, so many times may the resistance 
contain tlie amount of the applied force. 

THJ5 SCRKW. 

screw is the sixth and last of the mechanical 
powers. In the manner of its construction it is in general 
said to bear reference to an inclined plane wound about a 
cylinder ; but as the pou er of the inclined plane corres- 
ponds wdth tliat of the wedge, and the mode of applying 
the facilities they possess, alone forms their difference, and 
as the screw is almost universally moved to effect the same 
purposes as the wedge, it would, with greater propriety, 
as regards its action, bear reference to that instrument. 

Fig. 23 represents a cylinder E E, upon which we will 
suppose the wedge-shaped piece, ABC, is capable of being 
wound 5 when wrapped round such cylinder, it will, by its 
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upper cilge B C, represent spiral lines, similar to BlJ 
and FG. Now, as the piece ABC is in the shape of a 
wedge or inclined plane, it should have its power esti- 
mated by the line A C compared to the height AB; 
and if the line B C, wound in its spiral directio%^ shall 
just circumscribe the cylinder, the point C wilH|||. found 
directly beneath B, and the distance between C and when 
thus lapped on the cylinder, will represent the line A B, on 
the perpendicular of the inclined plane or wedge ; which, when 
compared with A C, now represented by the circumference 
of the cylinder,* will give the same data from which the 
power of the screw’', so formed^ should be calculated. Con- 
sequently the comparison of the circumference of the screw, 
and the distmice between one thread and another, measured 
on a line parallel to the axis of the screw, ^s that from which 
its power should be calculated, or as the distance between 
the two threads is to the circumference, so the power to be 
applied is to the resistance to be overcome ; or if the 
circumference be three, and the power one, the force equal 
to one shall overcome a force equal to three. 

Fig. 24 represents a screw of more perfect formation ; 
but the general construction of the screw is so familiar to 
every one, that we conceive it to be almost needless to 
enter upon a more minute description. A B represents the 
acclivity of the plane from which such screw is formed, and 
the distance between B and C represents what should be 
compared to the circumference in order to discover the 
powder it possesses. 

The screw is applied to mechanical purposes chiefly to 
obtain great pressures in small distances; and upon exa- 
mination it will be seen, that they afford a method of using 
a wedge of an extremely small inclination, and by con- 
sequence of great power. The screw is sometimes used 
for raising exceedingly heavy weights. The hollow screw, 
or the counterpart in which a screw operates, when in the 
form of a small movable piece, is called a nut, and the cavity 
is termed a female screw, the properties of which are, as 
respects power, exactly similar to the screw. 

We have now^ duly considered the nature and properties 
of the mechanical powers w^ben in a state of uncombined 
action; and shall, in the next place, previously to repre- 
senting them in some of the simplest forms in which they 
are combined, examine into one more attribute of matter, 
resulting from gravity. 
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THE CENTRE OF GRAVITY. 

The force of gravitation^ as we have already shown, acts 
upon matter in proportion to its quantity : thus, if a line be 
drawn through any body in such manner, that the quantity 
of matter multiplied into its distance from the line on one 
side shall equal the quantity of matter multiplied into its 
distance on the opposite side, and if another line be drawn 
passing through l^e body in another direction, dividing it 
in a similar manner, the point where those 'two lines meet, 
whether it be situated withiq or about the body, is the 
centre of gravity ; • and if that point or centre, supposing it 
within the body, be supported, the body will remain in a 
state of equilibriujp. Suppose the body D, fig. 25, to be 
suspended by a line from C, then the point H, which is 
called the point of suspension, and at which the body is 
suspended in a state of rest, will be directly above the 
centre of gravity. For if the perpendicular line H I be drawn, 
and the quantity of matter multiplied into the distance on 
one side of the line be not equal to the quantity of matter 
multiplied into the distance on the other side, the body will 
not be at rest ; but as the body is at rest, the quantit}^ of 
matter multiplied Jnto its distance on the one side, is exactly 
equal to the (quantity of matter multiplied into its distance 
on the other. Again, suspend the body as at fig. 26, and let 
a perpendicular fall similarly from K, the point of suspension, 
to L, the body will be again divided in like manner, and 
the point E, where the perpendicular K L intercepts the line 
H I, w ill be the centre of gravity. 

If any force acting in a direct line pass through the 
centre of gravit)^ of a body, it will produce uniform motion in 
that body ; but if the force so impressed do not pass through 
the centre of gravity, that motion will be unequally com- 
municated. "riius, if at fig. 26, M 1 represent a force 
striking tlic irregularly shaped body D, in a line of direction 
passing through its centre of gravity E, the force so impressed 
on that body will cause it to proceed wdth a uniform velocity, 
as regards all its parts ; but should the force M I be impressed 
at the point F, as M 1, the line of direction not being through 
the centre of gravity, an irregular motion will be communi- 
cated, and the body will acquire a revolving motion round its 
centre of gravity. 

As the centre of gravity is the most advantageous point for 
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giving to a body uniform motion, so also it is the best to 
apply resistance to arrest the progress of that motion. 

Most writers on Mechanics speak of the common centre of 
gravity as of more than one bodv^ or as a system of bodies ; 
but as they mean that those bodies should be conjoined, or 
their relative position maintained by some force, they may 
properly be considered as but one body, and tte centre of 
gravity of the whole assemble may be estimated in a 
similar manner to that of one. Thus, if the bodies A and S, 
ilg. 27 , be conjoined by a line, their common centre of 
gravity will be the point £ ; for if a line be dmwn through 
that point in any direction, the masses of matter, multiplied 
into their respective distances on each side, will equal each 
other. I 

What has been said concerning the centre of gravity, is 
also applicable to practical points ; as no body can be sup- 
ported in a state of equilibrium, if the point of suspension 
be not exactly above or beneath its centre of gravity 

SIMPLE COMBINATIONS OF THE MECHANICAL POWERS. 

Having considered the capacities of the mechanical powers, 
and the modes used for calculating their effects, we will 
now turn our attention to them in a state of combination ; 
and as all of these instruments are in therqselves gainers of 
power, power must be considerably increased when they 
become adjuncts to each other. Thus, in fig. 28, we have 
a combination of three levers, each of them, by the dis- 
proportion of their arms, gainers of power as three to one ; 
G G G being their several fulcrums, the weight H will 
operate with thrice its power at B, by means of the lever 
AB; the effect will be again trebled by CD; and that 
amount again trebled by the action of the lever E F. Con- 
sequently, if we call M one, by A B it will be raised to three, 
by C D to nine, and by E F to twenty-seven ; so that a 
weight of one pound at A will support twenty-seven pounds 
at F. 

The combination of the action of levers may thus be ex- 
tended to the gain of almost any amount of power; and 
when bent levers are introduced, their powers, which in 
{^culiar situations have been shown tabe very great, may in 
like manner be multiplied. 

The wheel and axle is an implement not frequently used hi 
its simple state. In machinery, wheels are mostly turned 
by means of prominences upon their peripheres, called 
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cogs, or teeth, which being acted upon by any applied force, 
cause the wheel to revolve ; and the axle being similarly fur- 
nished with teeth, or cogs, is termed a pinion. The wheel 
and pinion, therefore, bear a similar relationship to each other 
as the wheel and axle, and their power must be calculated in 
the same manner. Suppose A B, fig. 29, to be a shaft on 
which the handle A C, of twelve inches radius, and the pinion 
D, of one inch radius, are fixed ; and the teeth of the wheel 
£, of twelve inches radius, acting in those of the pinion D, 
and upon the shaft of £ is fixed the pinion F, of one inch 
radius, comifiunicating with the wheel G, of twelve inches 
radius, upon the shaft of which the pulley H, of one inch 
radius, is fastened ; we shall then have the handle A C repre- 
senting the radius of a wheel, and the pinion D hi the situa- 
tion of the axle ; so that there will be a gain of twelve to one : 
and the wheel £, bearing the same proportion to the pinion F, 
will also gain in a similar ratio, and G being to H, as £ to F, 
the gain will again be augmented to the same extent ; so a force 
equal to one at C will operate as twelve at D ; and twelve at 
D will operate as a hundred and forty-four at F ; and at H as 
seventeen hundred and twenty-eight. Thus one pound at 
C will raise seventeen hundred and twenty-eight pounds at 
H, and the handle C will have to pass through seventeen 
hundred and twenty-eight times the distance through which 
the weight 1 will move. this form and disposition of 
wheels and pinions, an accession of power is obtained ; but if 
velocity be required at the expense of power, tliis train 
should be inverted. For, if we suppose the pulley U to be 
turned by a force so as to cause the weight I to pass through 
one foot, the periphery of the wheel G will have passed 
through twelve feet, and the periphery of the pinion will have 
gone through the same distance; but the wheel E being 
twelve times the diameter of F, it will have passed through 
twelve times that distance, or a hundred and forty-four feet ; 
and the pinion D, in like manner, will cause C to pass through 
twelve times that amount of space, or seventeen hundred 
and twenty-eight feet ; whilst the force required at H to 
cause this motion, must be seventeen hundred and twenty- 
eight times the resistance at C. 

As the circumferences of wheels are proportionate to the 
circumferences of the pinions tliey have to act upon, or be 
acted upon by, so must the number of teeth in the one be 
to those in the other, otherwise the size of the teeth would 
not be similar ; thus, a wheel that is twelve inches diameter, 
and a pinion one inch, the circumferences of circles being 
in proportion to their diameters, the wheel should have 

€ 
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twelve times as many teeth as the pinion, therefore, in prac- 
tice, the number of teeth may be taken as data to estimate 
the power or velocity. Suppose a pinion has five teeth, and 
a wheel sixty, their power will be as twelve to One, as five 
will go twelve times in sixty; that is, the pinion will 
have to turn twelve times to move the wheel once ; and if 
turned by a handle A C, whose radius is equal to the wheel, 
the power gained will be in the same ratio ; and if the 
ninion is driven by the wheel, the velocity obtained will, in 
like manner, increase ; consequently the velocities, or powers 
of any combination of wheels, may be estimated by their dia- 
meters, circumferences, or number of teeth. 

Although this mode of communicating motion is used to 
a very great extent in applying wheel-work to machinery, 
yet, ill peculiar cases, straps, chains, and cordage, of vari- 
ous descriptions, are beneficially introduced to transfer the 
action of wheels. 

'Combinations of the wedge are not very common: but 
its properties are introduced under several modifications, 
and atibrd methods of obtaining power of considerable pres- 
sure in short distances. For instance, that common and 
well-known * part of mechanical construction, called the 
camb, or eccentric, is a wedge applied by one of its faces to 
a cylinder, which, by being turned by means of a lever, is 
capable of producing a powerful action. Fig. 30 represents 
a cylinder A, with a wedge B wound i*ound it, but which, in 
this position, is denominated a camb, or eccentric piece ; by 
tlie motion of the lever C to the situation C 1, the cylinder 
A, with the camb B, is brought into the position B 1 ; thereby 
raising the obstacle D to D 1. The power gained in this 
operation may be ascertained thus : as the length of the lever 
C from the center of A exceeds the radius of A, so will the 
force applied at C be increased, at the point E, where it may 
be supposed to act, against the wedge or camb B ; and the 
effort to raise D may be known by considering the proportion 
of E F to E H, which is the portion of the circumference that 
must be considered as its base. I'hus, if we call the length 
of the lever C three, and the radius of A one, if the force 
acting at C be one, its power at E will be three; and should 
the height EF be one third of the base of the camb B, 
khis power will be again raised by three ; thus, 1 at C will 
counterbalance 9 at D This movement is extremely com- 
mon in order to obtain power, or a regular direct motion. 
It is quicker than a screw, and capable of considerable 
accuracy. 

Fig. 31 is another mo<Ufication of the wedge, placed on 
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the internals face of the circle E, acting with its face F, 
and causing by its movement the obstacle I to approach 
nearer to the centre G*; this is called the snail movement, 
and might with propriety be termed a concentric. 

Anower method of placing a wedge, so as to apply its 
effects to a revolving motion, is represented in a side and 
top view at fig. 32, where the weage A B is placed upon a 
circular plate CD, turning upon the axis £, and conse- 
quently creating motion in the obstacle upon which it acts 
to the amount of the line G A. 

Another movement of considerable accuracy is obtained 
by the turning of a cone, the principle of whose action is 
referable to the wedge. Fig. 33 represents a cone fixed 
upon its axis ik. If an obstacle be presented at and the 
cone be caused to pass forward in the direction k f, the 
surface ttc will operate as a wedge at abc, raising the 
obstacle to c ; but if during that direct motion the cone is 
likewise caused to revolve on its axis, the obstacle, instead of 
passing over ac, will pass over the spiral line aegd^to the 
point d; by this means the operation of a wedge, whose line 
of inclination is equal to the spiral line aegd, and whose 
height is equal to h c, is brought into action ; and if the 
number of revolutions of the cone be increased during its 
direct motion, it is plain that the effect of a wedge of 
infinite elongation may be produced. 

The screw is introduced both singly and in a state of combi- 
nation in many parts of machinery. The combined action of two 
screws, which avoid the necessity of using a screw of greater 
fineness, in which the threads would be weakened, is repre- 
sented at fig. 34, where they are applied to a press. Suppose 
A A to be a screw fitted in a female screw in the rail BC; 
and D, a screw that works in the inside of A, having its 
lower end joined to the upper board of the press H, so that 
it shall not turn round : now if the screw A A, and the screw 
D, contain exactly the same number of threads in the inch, 
by turning A A one revolution, it will proceed downwards 
exactly the same amount that the screw D will, by the same 
action, proceed upwards, and the board H will not be moved. 
But we will suppose that the screw A A contains four threads 
in the inch, and the screw D six, then, by one revolution, 
A A will move downwards one quarter of an inch, and D will 
at the same time, and by the same action, be raised one- 
sixth of an inch, therefore the board H will move downwards 
the difference between one quarter and one-sixth, or ooe- 
twelfth part of an incli, by every single revolution : which 
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effect is similar to that which would be produced by using 
a screw of twelve threads to the inch. 

For further elucidation we shall refer the action of each 
screw to that of a wedge from which the screw has been 
shown to be derived Fig. 35 represents two wedges^ ab h 
and e c dy each of which jnay be supposed to represent one 
lap of a screw of the respective fineness which their heights 
b h and e c denote. If the wedge ab h be caused to pass 
to the situation a' a is supposed to operate upon the 

level surface efyiX\e line ae will be compressed to the line A‘ c, 
by that movement; but if, whilst this action takes place, the 
w^edge ecd be moved to the position c‘ c, and the effect 
takes place upon its upper surface e d, the line a e will only 
be reduced to the line e, equal to A dy and will conse- 
quently only be compressed to the amount g^ Uy which is in 
effect equal tc what a wedge of the fineness of ab g would 
have produced, whose height or line gb is just '^qual to the 
cliftererice between e c and A A, as was the case with the screws. 

As a gain of power is attainable by tw^o screws or 
wedges of unequal fineness, performing equal numbers of 
revolutions, so is the same effect attainable by the unequal 
revolutions of two screw's or wedges of equal fineness. 


MILL GEERING. 

Under this head we purpose to treat of the nest form- 
ation of the teeth of wheels, of the connection of shafts, 
termed couplings, of the disengaging and reengaging of 
the moving parts, and of the equalization of motion ; and to 
them we shall annex some further observations upon the 
general construction of Machinery. To avoid unnecessary 
repetition, we shall, previously t > entering upon the form- 
ation of the teeth of wheels, give a general definition of the 
terms most commonly in use. 

/ Cog-wheel is the general name of any wheel which has a 
number of teeth or cogs placed round its circumference. 

Pinion is a small cog-wheel that has not in general more 
than iw’elve teeth; thongli, when tu'o-toothed wheels act upon 
one another, the smallest is not unfrequently distinguished by 
this term ; as is also the trundle, lantern, or wallower, when 
talking of the action of two wheels. 

"^Trundlcy lanterny or wallower , is sometimes used in 
lieu of a pinion. It is represented at fig. 36. 
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When the teeth of a wheel are made of the same material, 
and formed of one piece with the body of the wheel, they 
y^hre called teef/i ; when of wood, or some other material, and 
affixed to the outer rim of the wheel, cogs ; in a pinion 
^they are called l eave s ; in a trundle staves. 

When speaking of the action of wheel-work in general, 
the wheel which acts as a mover is called the leader^ and 
the one upon which it acts the 

If a wheel and pinion are to Be so constructed that the 
one Siiall give, and the other receive, impulse, so that the 
pinion shall perform four revolutions in the time that the 
wheel is performing one, they must be represented by two 
circles, which are in proportion to each other as four is to 
one. When these two circles are so placed that their outer 
rims shall touch each other, a line drawn from the centre of 
the one tc the centre . of the other is termed the o/* 
ceiitres; and the radii oi the two circles the projiortional 
Todii. These circles are sometimes called proportional 
circles j but by mill-wTights in general pitch tines 

The teeth which are to communicate motion must be 
formed upon these two circles. The distance from the cen- 
tres of two circles to the extremities of their respective teeth, 
is called the real radii ; and, in practice, the distance be- 
tween the centres of two contiguous teeth, that is, the dis- 
tance from the centres of two teeth measured upon their 
pitch line, is called the pitch of the wheel. The straight part 
; of a tooth which receives the impulse is called they/a?^^, and 
' the curved part that imparts the impulse, the face. 

Two wheels acting upon one another in the* same plane, 
having their axes parallel to each other, are called spur geer ; 
when their axes are at righ^. or other angles, bevelled geer, 

TO DESCRIBH THE CYCLOID AND ElMCYCLOID. 

Fig. 37. If the circle 1 having a point a marked on its 
circumference, moves along the straight line A C, and at the 
same time revolves on its axis, the curved line which the point 
a describes is called the cycloid. The point a in circle I is 
at its starting place, at B it has reached its greatest height, 
and at C its lowest depth ; and the curved line ABC described 
by that point, is the cifcloid. 

Fig. 38. If the circTe 1 rolls on another circle, as on the 
circumference of circle 2, the point a describes, in a similar 
manner to the preceding, the curve a g hd c, and the circles 
3, 4, 5, 6, exhibit the point a in the several positions of a\ 
ca' the portion of circle 3 being equal to cr/, 6 * 0 * 
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to Of a* to c* a, and a* to c* a : the line which is 
thus described is called an exterior epicycloid. But if the 
circle rolls within another circle^ as the circle iig. 39, rolls 
in the inside of circle 2, the line described by the point a 
. is then called an interior epicycloid. 

In fig. 38, the circle o m n is called the generating circle 
of the epicycloid, and that portion of the larger circle over 
which the generating circle roUs in one revolution the base 
of the epicycloid. In the interior epicycloid the generating 
circle of the epicycloid rolls within the circle of its base. 

An epicycloid, either internal or external, may be conceived 
to be formed of numerous small portions of circles, whose 
radii are lines drawn from the several points of contact, as 
e, c?*, c^, c being the centre of one, c® of another, and c’ 

the centre of another, so that these lines are, as respects those 
several positions, radii of each cir<^e, and perpendiculars to 
the epicycloid ; if, therefore, a line be drawn from any point 
wiiere the generating circle is in contact with the base to the 
point which traces the epicycloid, it will fall perpendicular 
to the epicycloid. 

As the several lines drawn from the points of contact of the 
generating circle are, in all cases, the varying radii for gene- 
rating the epicycloid, it is plain that when the generating cir- 
cle shall have' passed over half of its base, and consequently 
have performed half of a revolution, the diameter of the ge- 
nerating circle shall be a line drawn from the point of con- 
tact to the generating point, and which line shall, if prolonged, 
pass through the centre of the circle of the base, so that the 
tracing point in that part of the epicycloidal line shall be far- 
ther from, and in all other points nearer to, the base, as the 
perpendiculars that fall upon the epicycloid from the points of 
contact shall in every other position be shorter. Suppose the 
circle 1, fig. 40, to be a generating circle, and circle 2 to be 
the circle of the base, if the diameter of circle 1 be equal to 
the radius of circle 2, the point a shall trace the line a A c as 
an interior epicycloid ; for if the diameter of circle 1 be equal 
to half of the diameter of circle 2, so will the circumference 
of circle 1 be equal to half of the circumference of circle 2, 
and consequently, when the generating circle 1 shall have 
performed one revolution upon the circle 2, as its base, the 
point a shall be exactly opposite to the place from where it 
started : now the diameter of circle 1 is equal to the radius of 
circle 2 when half way, and the tracing point is exactly in the 
centre of circle 2, which proves, that the epicycloid traced 
by the circle 1 is a straight line, and the diameter of circle 2. 
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ON THE TEETH OF WHEELS. 

If two cylinders be placed in close contact, motion cannot 
be communicated to the one without that motion, by means 
of the irregularities of their surfaces, (of which we have spoken 
under the article Friction^) being communicated to the other, 
and the smaller cylinder shall perform exactly as many revolu- 
tions to one revolution of the larger cylinder, as the larger 
cylinder contains upon its circumference so many measured 
circumferences of the smaller cylinder. 

Wheels, however, which act by their surfaces only, are ill- 
calculated to transmit motion to any considerable extent, as 
the motion wh^ch the follower has acquired is not* of sufficient 
power to overcome the great resistance which would, in such 
case, be opposed to it ; consequently it becomes necessary to 
have projections or teeth, and that form of the teeth will be 
the best which causes the wheel to act as though the motion 
were communicated by contact of the pitch lines. 

Spur geer^ fig. 39*. If the three circles 1, 2, 3, in contact 
at the point a, be made to revolve about their centres, so that 
they shall continually touch at the point «, their motions will 
be similar to what would have been generated by one com- 
municating motion to the other two by contact ; and circle 3 
will move as though rolling on the external surface of circle 1, 
and internal surface of circle 2, and consequently become the 
generating circle of the exterior epicycloid on circle 1, and the 
generating circle of the interior epicycloid on circle .2. As the 
diameter of circle 3 is equal to the radius of circle 2, the in- 
terior epicycloid will be a straight line passing through fi the 
centre of circle 2 ; and, supposing the point a to have per- 
formed that portion of a revolution which places it at K, a 
portion of the exterior epicycloid will be represented by the 
line E K, and a portion of the interior epicycloid by D K. 
Therefore, as the epicycloids D K and E K are both generated 
by one motion of the same point on the same circle, they will 
continually touch at the generating point, imd the total sur- 
face of E K will pass over the total surface of D K ; and if 
the epicycloid E K be affixed to the external surface of cir- 
cle 1, and act upon the portion of the epicycloid D K, it wdll 
transmit motion to circle 2, as though that motion were com- 
municated by contact of the pitch lines ] which proves that 
E K presents us with the best form of tooth, and which tooth 
would, when acting upon the radii of the wheel to be driven, 
move it as though the motion were communicated by contact. 
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Fig. 40^ represents a mode of forming the teeth of wheels 
when they are to act upon a trundle. Circle 1 represents the 
pitch line of the wheel 5 and circle 2 the pitch line of the trun- 
dle ; which are supposed to act by contact at the point a. 
When a arrives at it will have traced that portion of an 
epicycloid represented by a* and as a is the generating 
point of the epicycloid^ the distance from a to and from 
a to a% will be equal : and the epicycloid a% being ge* 
nerated by the proportional circle or pitch line of the trundle^ 
presents us with the properest form tor the tooth of a wheel 
that is to drive a trundle with circular staves posited in its 
pitch line. 

We shall now proceed to the practical mode of applying 
these i-ules. Let circle 2 be the proportional^circle or pitch 
line of a trundle ; and circle 1 the pitch line of a wheel which 
is to drive that trundle ; and by the revolutions of these two 
circles let the portion of an epicycloid a* a* be generated, 
so that w'hcn a line is drawn from to the centre of circle I , 
it will intersect that circle at b, whose distance from a' is 
such, that when the semi-diameter of a staff of the trundle 
is subtracted from it, the remainder will be equal to half the 
intended thickness of the tooth of the wheel. Set off per- 
pendicularly to the epicycloid inwards, the semi-diameter of 
one of the staves at so many points that you will be able to 
trace through the points thus set off, a line parallel to the 
epicycloid a* which line w'iU be the face of the tooth of 
the wheel, being less than the tooth formed by the epicy- 
cloid a* a’ by the semi-diameter of a staff of the trundle, 
indeed the diminution must be rather more, as the width 
ffg must be made sufficient for the staves to clear them- 
selves, as the whole of the epicycloidal line must act upon 
their surface. 

Fig. 41. To describe the teeth of a wheel for a trundle, 
by means of circular arcs, let us suppose A B to be the line of 
centres, C D the pitch line of the wheel, E F the pitch line of 
the trundle, and the centre of the staff G to be in the line of 
centres A B ; then by placing one foot of the compasses in 
the centre of the staff G, we can describe the arc m m, which 
is the form of the face of a tooth sufficiently near that of an 
epicycloid for common purposes. 

Fig. 42. 'l\j find tiie form for the teeth of a wheel and the 
leaves of a pinion w hich are to act together, we must set off on 
the pitch lines the points m n a, and p q r, &c., according to 
the proper thickness of and distance between the teetli and 
leaves, and from these points draw radii, to serve as the 
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flanks of the teeth. The spaces must be of sufficient depth to 
^allow for the action of the curved part of the teeth and leaves. 
j Then with the generating circle 1, whose diameter is equal 
to the proportional radius of the pinion^ describe upon the 
extremities of the sides of each tooth, and upon the circum- 
ference of the proportional circle of the wheel as a base, the 
epicycloids ab^bn; and with the generating circle 2, describe 
upon the proportional circle of the pinion as a base, the epi- 
cycloid q D, which will give the required form of the teeth 
and leaves. 

For if the projecting epicycloid a b push against the ra- 
dius /r of the proportional pinion, the wheel and pinion will 
move with equal velocity ; and a similar effect will be produced 
by the epicycloid p D being pushed by the radius o m of the 
wheel towards the line of centres. 

Fig. 43. When one wheel is to conduct another, it is not 
necessary that the wheel to be conducted should have teeth 
of an epicycloidal form ; and were the teeth not subject to 
wear by friction, there would be no occasion to extend the 
teeth of the conducted wheel beyond the pitch line; but such 
being the case, it becomes necessary to form the teeth of the 
conducted wheel in the manner represented in the figure by 
the dotted lines. 

Mr. Buchanan, in his Essay on the Teeth of Wheels,^' 
objects to this mode of forming the teeth of the conducted 
wheel, and recommends that a trundle or wheel with cylin- 
drical staves should be adopted, as it will be less acted upon 
in approaching the line of centres, and consequently have less 
friction than a pinion or wheel, the sides of whose teeth tend 
to the centre. 

This will appear,"’ says he, by fig^44, which repre- 
sents a stuff, a, of a trundle, and a leaf, 5, of a pinion, 
turning round on the same centre A, and a tooth adapted to 
each, turning on a common centre B. The thickness of each 
of the teeth, and the proportional circle of both wheels, are 
the same, and the proportional circles of the pinions are also 
equal, and teeth are each made of the greatest lengtli which 
the intersection of the curves will admit, which turns out con- 
siderably greater in the tooth adapted to the staff. The shaded 
parts represent the tooth adapted to, and acting upon, the 
staff ; and the dotted lines represent the tooth adapted to, 
and acting upon, the leaf. The teeth, in both cases, are re- 
presented as just at the point where they would cease to 
move the leaves or staves uniformly; and it appears the staff 
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thfwi Oe leaf ; hence the .dtaff wiU be lees acted npon io 
i^^michmg the line of centees/* 

As the trandle in comnum use is my veakland imfietfiBcty 
Mr. Jkdianan concd.vedj -tibat x wheel might be made, wluiim. 
would combine the advantages of both the pinion and 

wd accordbgly had some wheels made, which appeared 
to answer every expectation. 

" These wheels,'^ saya h^ <*ware made of cast iron. They; 
were each cast of one solid mass. Fi|'. 46, No. 1, ir^EO- 
sents the edge view, an'^ No. 2, a seetum of one of titetti; 
hereby is shown the manner in which the teeth ate sup> 

f lotted, like the staves oi a trandle at each ead, and l%e (£e 
eaves at a pinicn at tiie roots, but so very thin there, as to 
run no risk of having the common fonlt of pioiopd!| just now 
noticed. They were diffi-^nlt to mould : but wens they to 
come more into use, 1 have no doubt umnious woticmen 
would soon ^t over this obstacle.’’ * ** f mentumed," he 
continues, ** in cases where the pinion bad few teetih, that in 
tile eondueted, whether wheel or pinion, staveasbould be pne* 
ferred; but it is obvious, that the method just der<tribed, 
of making a sauJl tnmdle of cast non,' wcsdd Tly to a 
wheel of a great number of stem. ITjr is it u. «>v>t case so 
neeessai^, as tiie greater the number of teeth are, ^^c ' o r 
they will be in losing thur proper figure. In suci ises, 
therefore, staves, strictly speaking, shovdd not be used, but 
tcetii made so as to produce, the same effect— >tbat h, having 
their actii^ parts at the fimire of a staff. What i meant 
will be better understood by inspecting fig. 4f where the 
lines show the alteration necessary on the tooth A, in order 
to mxke it produce the effect oi a staff ; which staff ie repre- 
acnited by the faint dots. The dotted lines on d represent 
the alteration requisite to adapt it to the staff, it being neces- 
sary, aa formerly proved, to have it a different epicycloid foom 
what is required to adapt it to a tooth whose acting part is a 
stni^tliae, tending to the centre of its proptwtional circle.” 

^•Teeth,” .says Mr.Tredgold, in tiie second edition of Mr. 
Bnduman’s worit, ** seem to be ve^y wtii adapted for va^ 

* By csytiiv s^iuate pistes vrkh indents to fix the tssd^ si^ bpttiiig 
thept iMtAnt, the pipion be wide sufficienUy streng': a methw 

indeed is used fireqnently in cranerWork, where it the important adran< 
tam sf preventing the wheti^ getting out of geer. 

NvB. Thtssotsitby Mr. Tredgdd, editor of the aeooad . edition of B». 

dbiwp’e “ Ptaidimi an Hf * 
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riiiui pinpOBM, Wh«a fotmed pn tiie prito<^le feconmeaded 
in tb'e rareeediiw article. Itiit^dbre wifi eodeerour to tiwir 
a siiDpie metlitra of desorilmig' andi teeft. 

** It must be observed, that the teeth to reji^bleatavesaie 
to 1)6 always on the conducted wheel or pinion ; thus afford- 
ing the peculiar adviuitage of the wheel aad trundle in either 
increasingor Amioishing Velocity. 

** F%.38*. the teeti) be divided as usual on thepitch 
nhes, £ E, F F ; and on the conducted whed C describe sir'-, 
cles, as though there were to be staves. CencdVe tiie uentie 
of one of .these staff teeth to be iU Ifoe line of centres at A, 
and draw the hne AB Joiningthe centres ei the staff teeth. 
Then the radius A b, from tiie centre A, wi^ desoibe the 
curved sidil-^e of the tooth of the conductor, and the curved 
part b a ^^tiie conducted wheel. And sinee tins radius is 
equal td the {dtch diminished by half the diameter (ff the* cir- 
cle of the staff teeth, end the centres will always be in the 

S itch liner of the wheels, all the other teeth may be easily 
escrib^.'* 

The .editor then enters into some calcuktions, rtiiich the 
limits of our woih will not permit ns to pursue, we ther^ore 
refer our readers to tiie work itsdf, which embraces much 
useful information. 

Fig. 47 . When a pinion is required to have but a slow 
motion, an internal pinion, which has less friction tium the 
extemid one, may, in manv cases, be adr^ted with advent^. 

To illustrate this, let A, fig. 48, be the proportional eircle 
or pitch line of a wheel, B tiiu- 01 an external pinion, and C 
that of an internal pinion, al'. at vontact at the point a: nou^ 
if motion be communicated to tiie wheels, so that they 
move uniformly, it will be seen, that when the point a has 
arrived at bed, each of the wheels having tiavelled over m 
equal distance from the ii&e of ceiities D, the^Mwe from btoe 
is much less than that from c to <f, and ecMSsequentiy had the 
wheels moved by means of teeth, the tooth of the internal 
pinion C would have did over p unaHer part of « tooth of tim 
wheel A, than a tooth of the external piniofi B, whidi proves 
it would have had less velocity and less friction. 

Fig. 49 rmresents a racK and piidon, recomssended Ity 
Mr. TredgQl£ AB the |(atch Ihm of tlm rack, BC tim 
pitch line of the jnnion, end tiie fimn of the tooth CD- is 
the involute of a cirde; but When the rdek impels the 
pinion, tiie curved face m (each of the teeth of the sach 
should b.e a pprtlon .of a eydeid, (AarA,«,4^3^,) and tiie 
leaves of the pinion strai^t' Hfies radiating from tiie centre 
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of the pinion; the diameter of the geneiati^ circle for 
describing tiie cycloidal teeth should be half the poroportional 
diameter of the pinion. See Buchanan's Practical Essays 
on MUl-work. T^dgold’s edition. 

Bevd geer. — We &ve already stated, that when the axes 
of -\iriieels are angular to each other, they iu« ct^ed 
bevel geer, in order to distinguish titem from spur geer, 
whose axes are parallel ; it therefore now remains for us 
to describe in wW manner the teeth of bevel geer differ 
from the teeth of spur {^er. 

. Bevel geer is rraresented by the two cones at 50, 
where AB and BC are the axes, and D£ and £f their 
proportional diameters or pitch lines. 

If these two cones are placed in close contact, a§td motion 
is communicated to the one, that motion will, as Is already 
stated, be communicated to the other, and the motion of 
both, as we have shown, when, speaking of spur geer, 
will be equal. 

The epicycloid for forming the teeth of bevel geer, is 
generated by one cone rolling upon the sur&ce of anot^r, 
while thrir summits coincide : for exam^, if a cone C, 
ig. 51, having a point a, move upon the surfoce of the 
cone D, the point a vrill, in its revolutions, describe the 
line A E F, A being the place from where it starts, £ its 
greatest height, and F its lowest depth ; therefore a curved 
nne drawn from A to £, and continued from £ to F, 
gives what is called a spherical epicycloid; and the base 
of the cone C is the generating chrcle of the spherical 
epicycloid. -The method of using the sj^berical epicycloid 
for forming the teeth of bevel geer is, in’, every respect, 
Bimilar to the method of using the exterior and interior 
epicycloid for formii^ the teeth of spur geer, consequently it 
will be needless to repeat it. 

Fig. 52. To construct bevd geer we must calculate the 
proportitnud diameters or pitch lines of the wheel and 
pinion that are to act .upon each other, and then draw 
their axes AB and BC. Draw parallel to the axis AB 
of the wheel the line D£, and. the line FD parallel to 
the ans of the pinbn, and foma the point D, where these 
two tines intersect, draw the line D 6 petpendcular to 
AB, and DH peroendieular to B C, and make 10 equal to 
DI, and KUwoualtoDK; then DO gives, what is called 
the ptinc^al diameter y or diameter of the pUch line of the 
uikeely and DH that of the ^nion. 

Ftw^d to draw the teeth of the wheel, by fixing one 
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Ibot of the compasses io the mint at- A, aady having ex> 
tended the other foot to the distanee Qi sweep.the nnall 
are G o; then set off the leaj^ of the tooth from G to h, 
draw the line bt, tending to «, and sweep the are ee, oon- 
centrie to h o. Set off from G to / mut of tilie required 
leiwth the tooth, from the prindpu diameter to tiie root ; 
ana diraw the line /^ tending to A, which gives the root 
of the tooth.’ Fs^el to ff, draw o e, and a/g e ndll 
r^mweent a sectioiT of the soud rinig of the wheel. 

In an excellent article on mill-wwk, in Dr. Rees’s Cgeh- 
peiUa, the author states, ** that the maimer of setting out 
the teeth of cog-wheels, in such a form that they shall act in 
the most equaUe manner upon each other, and with the 
least Mction, has been a subject of much investigation 
among matiiematicians and theoretic mechanics j but the 
practice and observation ol the mill-wrights have produced a 
method of forming cog-wheels, which answers nearly, if not 
fuUy, as well in practice, as ^e geometrical carves which 
theory has pointed out to be the most proper. This they 
have effected by making the teeth of the modern wheels ex- 
tremely small and numerous. In this case, the time of action 
in each pair of teeth is so small, that the fonn of them be- 
comes comparatively of slij^t importance ; and the practical 
methods of the mill-wrights (usii^ arcs of circles for the 
curves) approximates so nearly to the tnitii, that the dif-. 
ference is of no consequence : and this method is the bes^ 
because it so easily gives the means of forming all the cogs 
exactly alike, and precisely the same distance asunder, wbi(£,. 
by the application of any other curve than the circle, is not 
so easy, llie method,which is extremely simple, is explained 
in fig. 53. The wheel bein|| made, and the cogs fixed in 
much laiger than tiiey are intended to be, a cirae, a q, is 
described round the fime of the roi^h ccgs upm, its pitch 
diameter f that is, the geometrical duuneter, or acting Ime of 
the cogs ; so that when the two wheels are at work together,, 
the pitch circles, a a, of the two me in contact. Smother 
drde, 55, is described within tiie pitch circle finr the bottom 
of the teeth, and a third, d d, without it, foe tiie extrmnities. 
After these preparations, the ratch circle is accurately di> 
vided imo tiie number which we wheel is intended to have : 
a<pidr of compasses are then opened out to the extent of one . 
and a quarter of these divisions, and with , this radius arcs are 
struck on each side of ev^ divisiou, from the piteh line q, 
to the outer circle dd. Inus the point of the compasses 
being set in the divii^m s, the curve /g, on one side of tiie 
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paint ff tli«aoa»at9e»))!ie^.^^ no th0 
8100 tho cufva im U denoriiie^ Thia edof^UB tii# 
euff?ed poition of the eoga ^ and this being dp^, aU prowul 
coflij^tebeB evefy toolb;, the remaulag. povtioa of tba cog, 
withiH tbe cirele a, 4e bomideA^hy two ntmight <Nm 
bmt the pcHSts g ^ the cep^ j. Ih|8.^»ig 

dohe to 4he cogn all rouiid».l&t wheel U jpli^ ^ Ae oegB» 
being dressed or cut do^ri|fto the finest wilt bei;%nied seMp 
for wotl^ evety cog bel^ of the samebreadthf sndth^ppaice 
between every one and iU neighbour is exaclJy eqmd to tbe^ 
breadth} provided the oon^asses are opened to the extent of 
one division and a quarter as first described.*' 

COO^LIMOS. 

Cmtpling boxes are u'-ed to connect the * shafts of wheels ; 
they are either round or square^ and with single or doahk 
bearings. The square coupling with double bearing!^ is. 
represented in fig. 54^ where between the bridges C D, 
is a square shaft with the coupling box resting upon it^ ready 
to be thrust} when occasion, requires it} upon the shaft A, 
which is out of geer^ and to which it can be festened by means 
(it a pin^ as shown a^ F} where the shafts are in geer. The 
round coufding,. represented in fig. 55, iS} when fastened on the 
shaftS} engaged two bolts A S} and C, which pass through 
tbe box at right angles to each other} and one of them 
tbough each of tbe. shafts. As it is almost impracticable to 
form.the axes of two shafts with such accuracy that they shall 
present one truly stright line ; and as the shafts will} thou^ 
made never so accurate} wear unequally} both these coiqp&ffs 
have been found to be somew^ disadvantageous in .jriu- 
work. The^square coupling with one bearing} is deciws^ 
superior to cither of the above-mentioned, as it jmsesseS} to 
acertsin degree} the|iroperty c 'being flexible in all directions. 
1^ eonveyii^.motian though ^ g^eat leng& of shaftS} where 
dmie is but ntde lateral pces8ure}it can be used to great advan** 
tme; hut where there ja much lateral pressure the sockets are 
feSaad to wear away an^ Mt loose} which occasions a hobbhng 
axid inaecuratemouoti. A longitudinal section erf this coupling 
Is fcpseaented in flgr 6^, ;Wbere A is the squaie of one shaft} 
Bthe square oi m othet} CC the couj^g boX} and D D 
twe jioM, ofle of WhUdi paases through each square of the 
shafts^ in Ofdar ip support the square Bin a line with the 
sqiaarf ft Sonierimes the squarcB is held in a line with the 
fflnie A by mans of a round prcjecthm E, front thq. cennie: 
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of the M}U8i«ii At into e-nrasd hde in the oeafete. of 

^ tq/mre B. . 

Clutehee Ae ^Aade be need, nith. mneh as 

8 eoupUng tor ioMe beariQg»> Fig. 67 i:qp> 0 ji 9 ots> coi^ 
ling of this kind ; it conns^ of ttro nossea, A A B.% 
mie fixed to eadk Shalt ^ BB has ks aids bended Ihrww^ 
and lajra hold at A wfaiali tuAie that riiaft lomuif 

Jn bming-usiik two hiodif of dntchea ace used. The 
liftf tile ivmfer kinds <Sf iresk Is reMesented in fig. 604 
A'B.is aroood plate of cast inm fixed. nmly on the shmCf 
D E a lever fixed to the shaft by the bolt F, Mad caipSbIe 
of being moved in the direction of the plate A By so that it 
ban lay hold of the proieetions G G 6G, which wffl adhdCt the 
boring shaft H to be thrown hi and out of geer at ']^casi<ire.v. 

The second h^ of boring-mill dutch, or the one that is 
used to bore the htigest cylinders, is represented in fig4.69. 
Tlie only dilference between this clutch, and the one lost 
described, consists in having the lever D£ to tom ona odt 
at F in a cost iron piaite I K L, mstead of hanging from the 
shaft H. Three spare sets of ears, which are cast on the 
plate, to be used in case of those in action breaking, support 
the lever near the point of pressure, and take tiie stress 
entirely off the bolt F. 

V^en an engine is started, it frequently havens that the 
crank is on the wnmg mde of the axis of tro fly^-edieel, so that 
both that and the sh^ make one or two, and, if the attwad- 
ant is negligent, several, revdutioiiB in the wrcmg ^lectioB. 
To prevent the misolnd that would accrue firom such an oc- 
currence, a couplings as is represented in fig. 60, is intro- 
duced. A and B are tUro vrotical thefts, muntained in the 
same line by a small drcular pin, whuh passes firom the shaft 
B Into a cavity on the shaft A, whidi cavity is large enough 
to admit the pin to lay in it without coanmunicati^ motion 
to the shaft A. The shaft B, which is connected with the 
moving power, has a.coUpHng piece with jutomiiiences or 
teeth, perpendicular on tto one side, and mdined cp the 
other, fixed on its up^ end. Tlie eovqlmg or rotcb -bmc 
€, which is capable m didag firedy iro and tfown the aquroe 
part of ilie slim A, has a Omteqawiasiit set oi teeth; hy 
wddehit is roidei^ that whoa the idaft. B tuns the ri^ 
way, the perpendcular tides of the teeth of the respectixe - 
fBOttpliiql Retell w0i act tegeteer, and emsy rouad the Upper 

S 'Par a mliitod of ssitcrMliiig glmds in nua tsAr ear 
, Pwlisnw i * i S h Mro ro MUrV/irk. 
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shaft A ; but when B turns in a contrarjr diMtion^ the in* 
dined sides of the teeth of the catch-box will slide over the 
inclined^ sides of the teeth of the piece on the shaft B, and 
cause the catch-box C to move up and dowA without com- 
municatihg motion to the shaft A. 

Fig. 61 represents the coupling link uned by Messrs. Boul- 
ton and Watt in their portable steam-engines. a strong 
iron pin^ projecting from one of the arms of the fhr- wheel B ; 
p a crank connected with the shaft C ; and E a link to cou^e 
the pin A and the crank D together^ so that motion may he 
communicated to the shaft C. 

Hook’s universal joints are sometimes used to communi- 
cate motion obliquely instead of conical wheels. Fig. 62 
represents a single universal joints which mtty be employed 
where the angle does not exceed forty degrees^ ahd when the 
shafts are to move with equal velocity.^ The shafts A and B^ 
being both connected with a cross^ move on the rounds at 
the points C£ and D F, and thus^ if the shaft A is turned 
rounds the shaft B will likewise turn with a similar motion in 
its respective position. 

The double universal joints fig. 63, conveys motion in 
different directions when the angle is between 50 and 90 
degrees. It is at liberty to move on the points K, 

connected with the shaft B | also on the points L, M, N, I, 
connected with the shaft A : thus the two shafts are so con- 
nected, that the one cannot turn without causing the other to 
turn likewise. These joints may be constructed by a cross 
of iron, or with four pins fastened at right angles upon the 
circumference of a hoop or of a solid ball: they are of great 
use in cotton milk, where the tumbling shafts are continued 
to a great distance from the moving pnower ; for by applying 
a universal joint, the shafts maybe cut into convenient len^S, 
and so be enabled to overcome a greater resistance. 

OF DISSNGAGIIfG AHV REENGAGING MACHINERY. 

A KNOWLEDGE of the best methods of disengaging and re- 
engaging machinery, or^ as the workmen call it, throwing in 
and out of geer, is found to 'hebighlynecessary in mostmanu- 
fisctories; and yet it frequently happens that the workmen are 
dther very ignorant of, or very inattentive, to, this important 
subject. 

^Matter possesses a certain jpnmerty termed inerUa, which 
has a tendency to maintain it in the state in which it actually 
ia j that is to say, if a body is set in motion, this property has 
a.tendency to maintain it for ever in that state, and certaiidy 
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wqiiM, it Qol fni4inlty oveicoiB« by or •uddedy 

sbn^d aome abron^ po^f the aame may be aaid <rfa 
bo^.in a u thia p^^q^terty would evw. maiptiatt 

it in that (ttatei wiue 9(»t aome f^i^ger foree oe* it 

in motion.' . Such being the caM^ it fireqnently occuray^when 
powerful mad^iy is morii^ wim abme veloolty, and ainbther 
pi^ wl^ is dot df geei^ .^vs^ddenly connected, with' it, or 
tbibn^ in geer,,ihht' tl^e shock procee^g finun inertia 
anapa fbe tet^ m ^ or,dauaea desim^on to 'some 

otiier- pfut olf the nuuduneiy*' ■ To obviate this as mudh as 

I toaaible, such means shdula be resorted tc^ as have been 
bund in practice to answer best. The risk of brealdog 
the teeth may be considerably lessened by first setting 
the wheel, thst |e to be thrown in geer, in motion by the 
hand. ' . ; 

^e metiuids that bare been adi^ted fdr throwing^ ma> 
chine^ in and out of geer are various } some of the principal 
of which we shall now proceed to notice. 

l^g. 64 represents the sliding pulley. Pa- pulley, having 
a hollow cyhndrical burii made so that it can revolve easily 
upon the aue andslide backward and forward upon it ; B a 
part of the hush projecting on one side of the puUey, haviiw 
a groove sufficiently large to admit the lever L to lay in it 
without impeding its motion; CG a cross or gland fixed 
firm to the axle ; and I, one or more teeth, projecting front 
the pulley on the side opposite to the bush. When me axle 
AD is required to be put in morion, the lever L must be 
moved towards the cross or gland C G, so that the teeth 
upon the pulley may catch hold of and carry it round with it. 

The fitst imd loose pulley is rej^lesented in %. 66. B is a 
pulley finaly fixed on the axle ^ and C a pulley with a. bush, 
so that it can revolve upon theaxle Airithout corntnuidcaritm 
motion ‘to it. This contrivance is remarkable for its beanti- 
frd simplicity, as the axle A can be thrown in and out of 
geer at j^easure,- without the •Irast diock, by sim]^ paadwg 
-a strap from the one pollef.to tbe.pther. 

The baycmet, in its constrocthm, somewhat cesemldes the 
sU&ig pulley, ■ ft is: shown in b» a pulley or' 

binder, conneeted with the moyiiv msdhhiew ^ means of a 
strap, and' revolving upon, the homontal dia^ B C, which is 
out of geer; D'B u a pmfey <w vriieel, made of dther metal 
or ^r^o^ fixed firinly to the boijxddnl shaft, and having two 
to allow the qf the bi^onst to-paas throi^h ; ^^I^G 
is bayonet hae^ k budi, imd capable of beihg moved 
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iMckward aiod lorwai’d <;yi!on the hwzdntal .shaft by: ]^iii|biitg 
t||« haadle ,H H ; so that wheo the,, ahaift. B.O is rewired 
th..be put. in motion, the attendaut .hv only .to paw ^ 
bsjronet uto the. pulley D which wiU.immew^ly eai^ it 
round. . , 

Elg. 67 rep’^aents ope the ain^lest wayf ef jdhiwgi^hw 

and reengagiiig: wheels. . 4 the bridge of .jpe, 
lifo. 1, acts as aterer, -haviiw its. Ihlormn M,A ; tfte oth^r 
end of tbe'bjridgeB is capaolje. of' being IpM sb7 we 
K K. When the wheel. No. 2, is required jb'be .tntowh. opt 
of geer, the key K K is pressed downwaida, and tire end of 
the bridge B rests upon the extreme end of the key, as shown 
by the dotted lines. 

The tightening roller is rejneseuted in^fig. 66. A and B 
are two pullies, the one to receive, and the oAer to transmit, 
mo^n, by means of the; strap C : D is the tightening toller, 
fastened to a movable arm £, and connected with a lever 
G'F. When the moving pulley (suppose A) is required to 
give motion to the other pulley B, the lever G F must be 
pushed downwards, which will tighter, the strap by pladng 
the tightening toller in tiie pofdtion represented by the dotted 
lines, and cause the pulley A to earry the pulley B round 
with it. 

The friction clutch, represented in fig. 69, is used to dis> 
engage and reengage machinery, when the velocity of the 
moving parts is very great. A is a pulley, haring a bush, 
and revolving freely on the shaft S S : B is another pulley, 
having a similar bush,, and also c^ble of* revolving on the 
shaft : C C is a dish'^ring, secured in ilp place by the pin 
pp, and fereittg the pulley B i^gainst the ct^iar D, wHc^ is 
fixi^ permanently ‘to theshtaft. .When mh^on is reqmced 
to be. communicated to the.diaft S S, the psiftey A is hiov^ 
towards the pulley B, and the t^di preie^msg ftom ’the side 
of the pulley A, clae^ . those of the pulley B, and carriqijt 
round, mth it ; endr.ths, frifittou of the ^ey B ag^st ^ 
collar 1>, gradually owaopomlss, ffite .ipertub and carries the 
aiudt and.conne^gmacidih«i7 .aW 

Tbe.ftiction clut(%rf^^tasWtsdiu#g,7Q,i«avei^exjcwfli>t 
.ctmtrirance, as.it prestmts^j^. those ijiyurioiis shocks 
the maduneiy is4>t:tosira!^l$.4W>A.h!a^ torowp.ipto jgeef. 
CC is.a jftxedAJurtn w the.iaoviug shaft A.} and 
JSti8.A .puUey..or ifrnm .&Eedt6t!q| «« the flM^;to be. mpyedf B* 
the<.diaft,B is.ieqidRfd.tP be moved, .the cluftm or 
Jis^e|. K i* made .to^paali.thrp^. the anna of the fgosc. v 
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and clatp the •eietr-hopp' fl, Wh£6h li by that means carried 
round Wnh the sbitft A, and the friction caused by the scre«r> 
hoop I I, turiihig upon the drum or pulley E, causes the drum 
and the’shaft B, to which it.is attached, to turn hfcearise. ' 

The friction cone is reiy similar in its effects tp the fric> 
tion clutch. On the moving shaft 7h Is fixed a ccme 

C ; and <m tiie riuift B is another cone D, made to fit in tiie 
cone C. The cone D is movable on a square part of the 
shaft and may, by a lever, be. moved in and out of gear. 
When the cone D is moved forward, the cone C recdves 
motion by its internal surfhce. 

In ^.7(1 is represented the self-disengag^g coupling. 
Two shafts, A and ti, have each of them a cast iron wheel, with 
four oblique wrooght iron teeth ; but the wheel on the sluft 
B is movable, on A it is fixed. When the coupling is en- 
gaged, the teeth of the wheel C lay hold of die teeth of the 
wheel D, imd carr^ it, and the shaft A, round with the shaft 
B. E F G is a bent lever, having its fulcrum at F, which, 
during the ordinary stress op B, keeps forward the bayonet C, 
by the wei^t of the part F G ; but when a more than usual 
stress comes on the shaft B, the pressure on the oblique 
teeth forces the bayonet back, and disengages the coupling, 
and the lever is held by a catch until die coupling is re- 
engaged by the hand of the workman. 

ON EQVAUZINO THS MOTION OF MACHINJBBY. 

Thb regulation of the velocity of a mill is a matter of very 
great importance to preserve an imiformity. of motion, rither 
when the force of the first mover b fluctuating, or when die 
resbtanceorworkof the mill varies in its degree: either or bodi 
of these causes will occasion the mill to accelerate or dinunbh 
its velocity; and in many instances it will have a very injurious 
effect upon the operations of the mill. Thui^ in a mill fi>r 
sphihing cotton, wool, flax, &c., driven by a water-wheel, are 
a multiplicity of movements, many of which are occasionally 
disengaged, in dijSerent parts of the mill, for various purposes, 
l^s tends to diminish the resistance to the first* mover, and 
the whole null acederates. Or, oh the other hand, the head 
of water, which drives the whed, may be liable to rise and 
fdl suddenly, from many causes, which great and rapid rivers 
are subject to, and cause similar irregulmties in the' speed of 
the whed. For such cases judidous meclumieei have adepted 
contrivances, or .remdators, which counteract all tb.eae ciums 
of irrMpilarily ; and a large mill, so regidated, will move &e 
a clock, with regard to its regularity of iTlodiy. These 

j> 2 
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ngttlalors are usi^ly called called at^ arf made 

m cHtfel^nt principles. ^ Those most generally ua^d are called 
. flying^balls^ operating^ by the centrifngalvfor^e of two heavy 
baUiiy which are connected . and revolve with; a^verticaT axis. 
FIgk 189, 8leam*engine, is the simplest form of this ingenbus 
apparatus: A A is the verticalaxisi which is cons^ntly Tevolv- 

* big by the machinery; at a o fmo arms or pendulums^ abf a b, 
are jointed^ and carry at their extremities a heavy metal ball 
each, as b, b; from the pendulum two chains or iioh rods, 

» ddy proceed, and suspend a collar e, which slides freely up 
and oown the axis, and has a groove forined all round it, in 
which the end of a forked lever,.p, is received; and thus the 
rising and the falling of the ooUm; e, produces-a. corresponding 
motion of the end of the lever D; but the- collar is always at 
libeily to turn. round with the axis- freely withm the fork, 
at the extremity of the lever. The operation of the governor 
. is this: when the vertical axis is put in*motion, the centri- 
fugal force of the balls b, A, causes them to recede from the 
centre; and as this is done both together, they cause the 
collar c, and the end of the lever, to rise up: the balls fly out 
to a certain height, and there they continue as long sis the 
axis preserves the same velocity; as it is the property of a 
pendulous ball, like to make a greater effort to return to . 
the perpendicular, in.proportion as it is removed farther from 
it, in consequence of the suspend!^ rod being more inclined, 
and bearing less of its weight. The weight of the balls to 
return to the axis may be considered as a constantly increasing 
quantity; while the quantity of the centrifugal force, causing 
them to recede from the axis, depends exactly upon the 
velocity given them. But this velocity increases, as they open 
out, independently of any increased velocity of the pxis, in 
consequence of their describing a larger circle. The com- 
bination of these oppositely acting forces causes the ‘governor 
to be a most sensible and delicate regulator. Thus : suppose 
the balls hanging perpendicular put the axis in motbn with 
a certain velocity, the centrifugal force will cause the balls 
to fly out; and this increasing their vebcity, (by putting 
them farther from the centre, and causing them to revolve in 
1^ larger circle,) gives them a greater centrifugal force, which 
wp«dd carry &em still &rther from the centra but for the 
tetmteracting force, viz. the weight of the baUa tending to 
Ibia is, as before stated, an increasing quantity, 
consequently these opposite forces come to a point where 

* balance each other; that is, the balls., fly out tUl their 
^ TWV%ht to return balancea the centrifugal force. 'Qut if the 
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filighteBt alteration takes place in the velocity iif the asis^ 
the equilibrium is destroved by the increase or dwinution cf 
the centrifugal force^ and the balls alter their distance from 
the centre accordingly, and^ by elevating or dej^ressing the 
end of the lever, operate upon some part of the mill to mctify 
the cause of tlie irregularity* In a steam-engine, the lever 
acts upon a vane or door situated in the passage of the steam 
from the boiler to the cylinder ; and if the miu loses in velo- 
city, from an increase of resistance, the balls fidl together a 
little, and the consequent fall of the lever opens the door or 
throttle- valve a little wider, and gives a stronger supply of 
steam to restore the mill to Its original velocity. On the 
other hand, if the mill accelerates, the balls open, out and 
then close the vane, so as to moderate the supply of steam. 

A water-wheel is not so easily regulated by the governor, 
because the shuttle of a large wheel requires a much greater 
force to raise or lower it, when the w^ter is pressing against 
it, than the lever D, can at any time possess; it therefore 
becomes requisite to introduce some additional machinery, 
which has sufficient power to move the shuttle, and this is 
thrown in or out of action by the flying balls. The simplest 
contrivance, and that which we believe was the regulator first 
used for a water-wheel, was erected at a cotton-mill at 
Belper, in Derbyaliire, belonging to Mr. Strutt. A square 
well, or large cistern, was situated close by the water-wheel: 
it had a pipe leading from the mill-dam into it, to admit 
water; and another pipe from it to the mill-tail, to take the 
water away : both were closed at pleasure by cocks or sluices. 
Within the well was a large floating chest, very nearly filling 
up the space : it of course rose and fell with the water inf the 
cistern, and had a communication by rack and wheel-work 
with the machinery for drawing the shuttle, so that the rise 
and fall of the floating chest elevated and depressed the 
shuttle of the wheel. The lever of the governor was con- 
nected with the cocks in the two pipes in such a manner, 
tiiat when the mill was going at its intended velocity, both oi 
the cocks were shut; but if the water-wheel went' too slowly, 
the falling of the balls and descent of their lever D, opened 
cock in the pipe of supply, and, by letting water into the 
well, raided the noat, and, with it, the shuttle, to let mor^ 
water upon the wheel, till it acquired such a velocity that the 
balls began to open, out again, and thus shat the cock: oc 
the other hand, if the mill went too fast, the balls opened the 
pipe of exit from the well, and then the sinkihg m the. float 
dosed the shuttle till the true velocity was restored. 
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Siocd firot applicatioa of the regulator to the water- 
wheel, 'the manner of its oper^on has been greatiy vatied; 
ahd as the same mechanism is amdicable to any kind of 
zhill-woik, we shidl nve a 8 li|^t skebdi of it. Suppose A, 
fig. 74, an axis, receiving its motion from tiie mill by wheel- 
work; it is provided with a pair o( governors, abyoby con- 
structed like those before described; and at the lower part of 
the' spindle is a bevelled wheel; B, tpming two others, B aind 

C, Buuated'upon one spindle; 'D, which goes away, and 
communicates motion to the racks of the shuttle; the wheels, 
B and C, are neither of tiiem fixed to the spin^e D, but both 
slip round finely upon it, turning in contrary directions, as 
they receive motion firom the opposite sides of the wheel R. 
A locking clutch, d, is fitted upon the spindle between the^e 
two wheels, B, C, and can, by moving it one way or the 
other, be made to lock either one of the wheels to the spindle 

D, at the same time. that it leaves the other disengaged. 
The locldng'box is moved hy means of a lever, shown in 
fig. 75, the arm m having a fork to embrace a groove in the 
box; the lever is fixed on a vertical axis n, which has at the 
upper end two other levers, o, p; these lay one at each side 
of the vertical axis A, but at different heights, as is evident 
from the figure. The collar s, which is raised up when the 
balls fly out, is fitted upon a square part of the spindle A, 
and is formed like a snail or camm, which will act upon either 
of the levers, o or p, according to the height at which it 
hangs upon its spinme. Now when the miU is going with 
its true velocity, this camm e is at such a height that it is 
beueath one lever, o, and above the other, py so as to inter- 
fere with neither; consequently the lockingrbox, d, remains 
detached: but on any alteration in the velocity of the mill 
and the axis A, the balls open or shut, as before explained, 
and the camm, e, either rises or falls, and then it presses against 
one of the levers, o orp, and bv pushing it away, from the 
axis, it moves the lever m, and the locking-box a, up to one 
of the wheels, B or C, which it locks to the axis D, and turns 
it round in the direction of that wheel's motion, by which it 
either raireS or depresses the water-wheel's shuttle, as is 
required. This wparatus may, it is plain, be applied to any 
other kind ^ mill^work. 

Govehmi^ or flying-balls are very frequently used in the 
wind-mllis eitijployed for grinding flour : the variable force of 
this first renders some such regulator neceasary, to 

jncrei»e the resistance, by allowing a greater feed of com, 
when the fiiill moves too quickly, and thus in some degree 
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:U4ie'Up;.i)iQvw4aoj1oiii^, 
ttej |>bIUi MHne.%ie 

thejr ^ «t’ e gisal^ dii^ti^^ 

acnoifei- tM tw^ omyrMqi^ tm to^i^ejUjic^jMid 
c«»E6w(Rit]y atwM^ tha tal|ly i4«Qi|Eily asifecait,;^ 
faJl'TmdtJr/’thongfa'die iv^^'fofea i» great}/: dudunial^. 
Tlilri||i(imittail- oi tbc/ Mtj^iqinai^webeUEeti, 
by-^ ingitoicpr eaptaui^jiayw 

the lKntiaii|R^'%iiiaf>iltift<^<it ia«>veBy mat ibd 

no viad^mill flhootd be wi&dat'tfaem»^ JjfaiiyiivjBd-imlls are 
provided with %iBg-ballfl^ vkicli> by very ingeniouB mer 
cdnoiiem, clothe and-enido^ tbeeaShs: jiiat in proportion to 
the strength of the wind. 

In many mills it is of< cousequence^to be able to detect 
sn^ yariations in the velocity^ and to aaceit^ the quantity 
of them; for the governor corrects *the irregularitie»i 

without showing any scale of wem. In cases where this ib 
required, it- may be done by a vem ingenious, instrument, 
invented by Mr, Bryan IXmmo, of Fort-place, Bermondsey, 
He received a gold medal from die Society 'of Arts, Manu- 
factures, and Commerce; in 1910,- for this instrument, which 
he calls a tachometer, ' , -..,v 

A front view of Mr, DonJatufa iqcAometfTf or instru- 
ment for indicating' the v^^it^jOfMae/imeiVj ie represented 
in fig. 79, and a side vieW'&-f^l77> X .Y i, fig. 79, is the 
vertical section of a wooden, cw^' made of bos, which -fo 
drawn in elevadon at X, itg. Tf.l The whiter parts of the 
section, in fig. 76^ represent^wto is - 0011 ^. 004 , die dark puts 
what- is hollow. TMa oi^ ia,>fi{led with mereuiro up to the 
levd-X;/L| fig. 79< bito the mercury is imnijarsed the.low9e< 
part of the - upright glass tube Afi; .which' is- filled., 
colomed sj^ts of wine, and open at both eni^ so-that 80.m.e 
irf'the mereB^ in the Mfera-attbe lmrer;.orifie<^.gQd 
whmi every thingis atreet, supports a long c<nmnn of-fiphlij^- 
as |epres^ted;in .diaififipKe,. ■ Ibe hattimr njf the 
. fitstened by a eerewto a;idi^«erdoaLimd}e.,I>»ao IkNB 
die'q^^ it wMrled rounds the coy, (whose ii ft 8^ 

of imrahttion)roeohritt4i the >*p*> tqne noinidits M(i«r..vhM> 

cdnddeeww i . , 

In consaqttenoB w this roffdon, thoiinexiciiry. in.tthe.cv^ 
t0qiririescettrifofehfoi^t^wiiMk.itajiari^^ 

eiunriurd^catdihah n^th.!^ nesf«^dhiiealn^ .aeeor^g as 

they sM-.wdko-dilfiej^'l^ ^.axia^ ing^ % 

angular vrfii>dl y is g«te>e r. Meno^ onaceoimt tf ita.fiiii^ty, 
the mercury nses hij^^er and higher aa it recedes fiqm jmc 
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8)0% «iid ooQMqueBtiljF nudw io 
dera^mi at .the .aidee^and jRonaegiM^Z/^l4j(n9n 
middle aacrea^ aLwajra.witb^the jSfjajjf, 

the aaercurjr m the tnb^ though it. dojai^i^^fplj^ 
es^ cannot. continue hi{^er-^tlwn .the -inerc^ il^pap^jljr^ 
sanrtouiidiag it, nor ind(^po,J^l^.^.acfl^t9f th 6 ..|up«> 
incumbmat column of apiritg. ...T^^tbe men^iirj^'^the,t^, 
will' ahak, and cpnaequeo% ^j^^ alao: Ipt aa,l^ti Jfu*; 
of the tube which is withiii«the cup u.miiach wider, 
pait above it, the depiaB 8 aion,of,^e. ainota wdl jb^mui^ 
mreater than .^at of the jnercauy, being in theinuaiae proppfr 
tion in which the squara <» the larger d|iaineter exceeds t^ ' 
square of the smaller. . 

Let us now suj^se, timt by means of a cord passing round 
a small pulley F, and the w^el G or H, or in any other 
convenient way, the spindle D is connected with the machine 
whose velocity is to be aaeertained* ,. In. forming this con- 
nection, we must be careful to arrange m^tem so, that when 
the machine is moving at its. quickest .fate, the aqgular 
velocity of the cup ahajf not .be so .great as to depress the 
s^ts below C mto the wider part of die tube. We are 
also, as in the figure, to have a scale of inches and tenths 
applied to A C, tte upper and narrower ]^rt ot the tube, the 
numeration being carried dn'*BwerdB.firom zero, which ia to . 
be placed at the point to whiek the, column of q^irits riaes 
when the cup is at'rest. 

Then the instrument will be adjusted, if we math on the 
scale the point to which ;the column of spirits is depressed, 
when the machine ia moving witii. the vdocity required 
But, aa in many cases, and particulaTly in . 8 team-engi!iea> 
there is a continued oscillation of velodty, in those cases we 
have to note the two points between .which the codumn 
osdllates during the moat advantagesrUS movement, cl .thje 
machine. 

Here it is pc^r to obsm^ tbat dte'hei|d>^ of the column 
<tf>afiritB:wiUva^ .with the teo^pcfstuie, wheu'p^e^ 
cwnstaneea ate the same. <te..thui account. the sfadq^aght 
to be movable, ao tbst, bv.sUpniog ipw«da or dqwillTZFd** 
the zero may be placed at tne ptpnt to whiqh^tiie column, 
readiea' whan, the cop is at rest ; and time theiinaWpont 
ihay be wi^stod<o tte.pu(ticmlar.tmnTCratpe.emh u^i^t 
fiidihty, uimwlth.cwdeient precision.' .Tb^ esi^p^,pf^;;(^ 
the' tachometee duCRe. now. been mentiont^ aa^weU .as .the 
method of adlurtBMni^ buheectam drcumalmicei 
Iw'atated.' 



<#WretOT bM<reoiri(^mv 

'|Hi^ii»n^iAi.%^ ttcceeM^ . to %g ’obaer»fed iy . "i» 4 h ‘ < i;: 
tl^'Wlhen'llie iptinp is ter^Af ^trilh'^ grea(!iM'i^oe%$ tife 
n^riiiinr m ^e’ sBW ^ sink iS b>ir atf 'to iSkm auf 
of toW’^'escatre .fift>m tito^^isirer^-ovi&GO^- 
wid iltid'wf wtaof 4oto iSwafii^ohsAi 

nj^ be'lmicfw out of till'd^. "''l9ai}0fidl)r,’'tUll'^eo toe «up 
is .tbe'memiyj; shw i^1to.Udb«boT6 dw Icnrer eod 

of ti&e'tiil^, toat ii kHsatiadi 4^ jB^Mts of toe 

proper lengto. ; ' ' - • ^ 

Now in order that toe quantity of mmury^ consistent 
^to thebe cdhcHtionSf'maybe reddeed to its mmirnum^ it is 
necessary — first, dftt if Mid, fig. 7% is the level' Of -toe 
mercury at toe* asds, trhen toe- cu^ hi revolving with the 
greatest 't ^>0%, the upperpartM-M X Y d the-cnp should 
be of such a form ‘as to have toe sides- coveted<«Bly with a 
thih film of the fluidy and, second, that -for the purpose of 
ndsing toe small quantity of mereary to the level Ll/, wliidi 
may suppoii "a proper neight of spirits when toe cup is at 
rest ; the cavity of toe cw should be in a gtoat measure 
occupied by the ldoefc.'K.K, hathig a ejdintoi^ pmforation 
in : the middle of it fifi' toe’hhmondon <d toe tube, -and 
leaving sufficient room-wffiblv^'^ttd around ijt for the meicufy 
to move freely both along the iddes of toe toibe and of the 
vessel.' 


The block li K Is proservcd in its |Hrop» positom in the 
cup or vessel Y Z, by means of three narrow prcgecting 
slips pr ribs placed at equhl distances round it, and is k^t 
from rising or floating upon the meteinry by two or throe 
small irpn or steel pins mserted hito the nndev ride of the 
cover, ntor'toe hperture toroi^ wMdh^ton t«be||Bim..j. - > 

- It would be extremely difficult, however,' nor. is it by-any 
dMab# imporiant, to giye totoe etip toO'emot iSm’m which 


iK^oiila i^du^e ibe qV rkiSfjr of ittf 

we'lkidllkave a ibt apMcmimatiMi, which *mqrhe e»B> 
cuii^W^ g^t predSdin^ u tlie^pa^ o^woiqi above MM 
Ut'ipfde a’^pardtouc' ' ^,toevmrtexef -toe graetatoig-parW' 
bdar bch^ ^at riuA* pvkuit of toCaxis to v^b ton merouyy 
rinks at' ito tovv^ ' dtoresriob, and. toe ■ dipiwu k We -of dm 
pi^i&ild' bldng dCtermmCd- in'tofr 'fSriioWh^aiBaiter,- • let 
V Gyfig. a^ ol 'toe amLY top^point 

tomimi tnClfieroriry'todCi^ld -itn Ibwesma^esskm }> at any 
point G*above V, draw G..il perpendicular to V Gc; let i» bs 
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the' aniitiber of^mrolitlioiie whid^'4^ )lll^ peeto 
H'ali Her qtdekeet.<«aettop^< let''ib>’he’ 4M. or laqm 

wbkik a-llMyr weald’ dbenibe ahiftffiBily anth.tte 

aty acquired in fidUng res!;, 

■ '< ■'•■’w . !■ 1 - te£ , • ' • ' * f >.' 

Cl(;^^ 4 nd nu^e Cl H s: ■ _ ' vv'x - Then, the parabola to be 

O 14 ■ • ' . . 

dtte^teed is that which has fbx* its vertekp ^t^.hiv ra 
aids; and G H for its ordihato at 6. Mlie cap^ 
prevent the metobry fraln 'bebig' thrown out of 
which would take place WHh a very moderate Irbhxii^ of 
rotation^ ui^ss' the aider were'^rr^M^ to' an. in^iiveoirat 
■ height j but the lid^ by obatructing the elevation at the rides 
of the cup, wUl dimhiiah the depresaion in the. middle, -rild 
oonaequentiy the depreaaion of ^rita in the 'tube : on tida 
account a cavity is fmtned in the block immed&tely above 
the level 1>L, where the mercury stands wheh the cup is at 
rest ; and thus a receptacle iiT given to the tond, whichwonld 
otherwise disturb the ceBtrifiigm finte and ixi^alir the sehsi- 
biUty of the instrument. ' ’ ' ' . 

It mil be observed, that the lower ortftoo'of tbot^ is 
turned upwards. By this meabs, after thq tube has bejm 
fihed with sidilts by suctioi^ and its upper orifice atO]^d 
with die Sager, it mav easily be conveyed: to' the Cnfi and 
immersed in the qnickMver without 'an^ danger of the spirits 
escaping ; a rircumstanee iriddl'niherwhie it wodd be ex- 
tremely cBffienIt to prevent, stoee no part Of the. tube can be 
made capillaiy, consistently widi that fiee passim to the 
fluids, which is essenthdly necessaty to the operation of toe 
instrument. 


We have next to attend to the method of pdtti^ toe 
tatoometerin motion whenever we wishto examine 1|ie v^o- 
ck;^ of toe machine. He puU^ whitto U contihtfbUy 
whirling dnf!n|r the motkto <» the kniefaiBSs^luia' no bofinei^ 
tiCn vtoatever with toe enp, 'so Ibng as toe lever Qft ia kft 
to itsrif; But when thia lever la lai(tod,'toie'hollo^ edbe..*^ 
utokhkis attaehed to toe pdley and’Sraiils along. %ito^ w 
abto trdaedi Untf bs^rtoiak d'soltfl eohe an toe-qraadibirirtlie 
cm, cOBitiririibBtee toe xwoti(A['t>y'fi!idkm. 'MtoeU.onr! b|i^ 
BOrtotimt to toade, 'vto’liave only to bOdw ^ toVeir bjp! 

ite ototi‘wright,'8iicftoe dsoigb^rtt^ 

toe'iri^ MHmUfreatv ' ^ 

^e is emmecte4 

bxt^mj^ dvi^'widt^/w^itoe 
li'railli^,* and toe facfioiBefcr.&'in ln0tom,.1a. 
Hftrif op from toe top of toetobe, 'ad’wto adinittoeriifteRial 



akjSl.ciaiifefc^ ,ii^ .«ad. 1 )^ 

fliM^t«|!;|fV|||l(«^^ ,.n„, . -, H-^Uur , n . -..*•; V; .' A'.-'. 

ft is Jw^ to be retius[l(ed» «bi^ louL the 
Ibe it^j^ orthe instniment may be iofioit^]^ ioeressed h'^$ 
09, the. «)«i bend, by ;«9h^l|^Jbe^^^Ttlon^■b«^^ 

bt ; 1 ^e tvi^o eb^ b«|tis ||t^/we 

^ oi; 4 ri^. e0t~ 

mp^gullff 'tQ op ^e 

o(aw haad^-by .de^^eh^ ffiO. ^.99 adi^/wh^ ii js 

sin»t a greater lieie^t ct, .oiebca^ above the j^enrr end of 
thetid)^ vre lengtbeR the eoloma of syints vrldeh. tlMP voM' 
vuy can s^poet, and tsoesementiy eohwge the. ye]oj#|b 
wbtch^ vnth.apy giyen soeeibwty. t^.iqete^ent, 
cpiisite to dqpress the .:Bjplots to tl^ j^tom.wrthe eo^* 
Hence %e taraoineter :is c^ble of, wng.employed Id 
delioate ; 'pinloBopideal ^qnnbnofts, mdse ewo^y, a« ,0 
scale mii^t be applied to itf inclieatiog. eqnal mcienmi^ ..of 
TdMnly,i, Biitr la the psesoat accwmt.it.m merely Mtexid^ 
to statehovF it.miy be adopted tg.jOhBgt in ntfcbinery fT<|y 
j^eriatlim ftom thd moot admiatageotia moveiiioat. f 

iSeiiteina/ OdMirim^lpt^^ goexlng pf p 

nu]^ it should bq«^'M|[|clt idC the engiueer to pla^. ^ 
heavlcft |iumhine]j:Bew^^^,aaoTi|]g:pQW» lui tm^ 
adttiug ina^At 0 'a:;gi^,.%«lfUMe^.pot'paft,tibe 
shstdiig is to be telum into eonuderationy mxt the. 
which exists in jiU the. dlfiereol ^bM4aiq^ ami jU^hbrn Js 
— 'iy increased by a sniaQ obstacle {daced beyond tbqse 


• Care likewise, shduld .be .Udten to make as.feF bearing^ aa 
pondbljib statt keying m Vifew that the muate,no|t be 
i^wed to. dwag, mii^t bpjj^en Ids the.diatancea pf 

i|je hearii^ pf l«#^a]ftfl^)ijip if tiw.amnmg bad oidy to 
itseU; .but bav^^'te. dm vsMo# afted ppUies, both thelir 
l^ht, aud ti>e iaigfatdi. .iha>iPa«bioery ti{[ey,tui!n mHat 
0 iutp' cpntMipg^ idh!^ w*f^ 

pdi ft hd h«»fffir*;jafi»f^ is bettor to 

hptjffii.abqarftg t^ftkinf than jtd.a^^ m ft 

<aHnol«tlien^sft^i«iiai%m;d^^ . ./ - , 

la Ibiiiung dodpiings gmi care should be tafceu tO psko 

npr.cjp suM^tyte 
. . , - -tr ftd cqu^^ 

odie.cl dn a!B(ddimlk’'^ ,w^tant^ mseugsged^ for the 
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lots iimi sriahif flP6m any acddefit it iHriotit 
pottaiuie to tbe maoiifacturer. CoupUngt dmdd 
nsw tbs l>ea^gt> as tUefe it tNsrs the litiBit MitoltfaS 
shaft is of course th^ treakest at the coaMlftpt} ssIMh' 
ohsesrvatioa it aypttcable to thh dfinsMImf pf iMieirft* 
pD^tet. ' j *S» • M 

PulHet hare beea sometimsa farmed in irptt' itdres 
phttiw upon the shaft without ialtiag''tilb tlftft Avinft hul'^ 
their adoption is by nd mea&a gehi^, 'as tfhntC’ftCvoiiti* ^ 
dUBculty in fixing tiiSm tMie i^iltt th4 shaft fi itf itt^aiMk' «< ' 

Strape to drive geeiitag 8bo(dd<te ifimldedl ti4)eneve(‘%ifaiMh 
can be substituted, as they are rdty BaMe to streteh mid- 
break, and do not transmit remlar motion, fta ftting th*’ 
wheels and pullies upon a Shan, which it mostiy done IW''' 
driving wedges in the bubh of ^ wheel or puBey, callin’ 
$teUiing them on^ great ptins shOnld he taken to hate ihein 
true, which can only be done by driring the wedges lego-^ 
larly on each side to tiie tame di^^tee of d^htnets. It lUoit 
generally happens when one Weto is orerw^ven. the wmitt* 
men, rather wan take trouble to alter it, Vill let it re.i< 
main } but this is of tnore importance tbim is geOelidly 
inured, for if a wheel is not tAie, it cannot work in 


Rrail . Ji:. 




what is called, back-lash, which, hi^^ing idiva^ in ifad’ 
same place, will wear the wheels irre^dariy. If a pidley^ 
not true, it vritt communicate ixeegnlar motion by its Stihik 
and likewise cause an lrrq;nlar stress npon the shat on uhm 
it wbrks, much to the dctihnent of thenearing. > 

Chuns have been beneficially introduced as anbstitutell 
for straps in driving heavy geer, < * 

Shafts should be chretuar, as they are less likely to eatOh 
any thi%, and have a mdm neater appearance. The sauSO 
may be said of eoimlings. ^le wheels hf tiie ghetllffr 
shpi^ be aitvays enclosed in a carisK^M wwod, eafled oodi^ 
£[|f^Wprevuitanytldngfirilinghi hetweuf tiietn, or Md|dfdMs 
occurring to the people v^ho may hewotUbgmhr^mn. ‘Ihd 
wheels .-paottld he ftimished um hhtthdiresrihg’upM Ariic 
fisees, ip'disirihuteriiegreiMe^filuafiy and frbetweiM' 

the -teeth,: and bn au^g a tiew naif' (ri<rirheeb^ h Iftw 
emerf tnay be put dti with the gnHliM,-thhriiig tWhf td^n 
snmqth face. > '' <if 

'Fhe ftll»w% ''general ohnervatlonrod^ tiw-oonafthiftton 
BfAoniwia, aM os the mgtdatinii^ ftv^UiQtiiriH^’HM^ 
to Bfi ^ly of the Mi^^hri^'acteutioiu^ti^ 

baVe;''therefore, extiacted them fiiom Jw. IteibisoDli article 



pwto imi i^^poulta cfC they «k 

gfa^uaUr Vftedi thit,|Bdq«{wiy of a^tdtoiy iiiotfoo it nhver 
mt at UM inpeU^ -^tit of the modiine. ' ‘hate aeea 
j^atonl moreC l)f meonii of a'double ihck on the pilton 
rd4i A btif wheel ttkea of pne mk^ lui9'j!aifleB it'to 
the reqt^Nii he^t. Ihe mopent the half whed hae lot- 
ted that aide of the reekyit Jaya baUI of die other^side, luid 
fi»oea t^e pietop asahi* T|u» ii pioposed an h gteat 
inquovepent } oomectkig tip ipeqoaible motion of the 
piatoi) ipoved In the cmpmon wap tnu crank. . But it is fin 

C ' lor to tile omnk jpotph* |t mmasums such abrupt 
ges of motioa» dwt t^e mscbiae is shaken hjr jolts. 
Inde^ if the movement wm« adnally executed, the maehine 
wimld be shaken to idl|6es» U the parts did not ip^e way by 
handing and ylMding. Accordingly, we hare always obsetred 
that tins motion soon fidled|; and was changed mr one that 
pas more smootia. A jodbaous ei^neer will aroid all such 
sudden lAanges of mStiou, eBpeda%:hi any ponderous part 
of a machine. 


»i( 


inpuorement } oownectkig tip pieqi 


neer will aroid all such 
r in any ponderous port 


When several stampers, pistons, or other red^procal 
porers, are to be raised and de^^ssed, common sense tesches 
netodmribate their times of acticm in a uniform mapner, ao 
tipt the mofchine m#y always bp equally IcNsded wiui work, 
'^en dd* hi done, ynd the obsenrations in the pieoediiig 
puagrai^ atlpnnM.to^ the msddne may he made to more 
shnest as smeoti^y ea If thpre wem no redfnqca&ma in it. 
iMMns fdpws the ingmuit|f iqoK tium jthe ertfol yet sinmle 
tad dp6tmd contrirancee, mr obviating those difficulties 
that unayoidqhiy etifp Aom the rtty nature of the woAc 
that he petformddl hy the macmdi^ end <d the poafer 
cm^yed. 

' Akern is also foCjja for ingenmty end food'chidoe 
fot thn managjnneiP of ^thn moving powm, when ft hf each se 
qapttot iss mep m^ ^ .-y^hy kind of motion, remiired for 
effimtiog the pwpoae. Wementioned the conTendmicd the 
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cont|nuid>fot«doa of ,ml »xiB) j«to 1199^ 

of ft ^rton, and die kiprorementii'jl:^ |i^ 

been owde od 4lft: comoaiOQ wduii^yiiiiift .«pk|^vaA0ft^ of & 
cnudicy bj«iilMdt«do^,ft.^bmbl« 

Ibe ina»Bf«iiieQee.:anaii)g jCroos 

idbuige. - We have seen .ft greftt fotHOr Wl^ 

^ /cider to amd the same 4n«envi^nNlce.Ofyil|(.ifl^^ 
ftbnipt motion girctn itp ,ti>e 3 |p^riftd^ h il ii t witi df^ow^ , 
hHidred.wdglit, resistiiig ndthhti^f(dd.io0iiMt^^ 
die wipm into spuahi^ whhdi ntmon .|o-^ 

hampner alnwst widiont togr .idiait^W'$ httt the mpolt 
was, that the hammer rose.ao hi^er dianit JuidLbefln towiid 
in contact viith the viper, .and t^n- fell , on the ifpn .hieepa 
with very little effect. Ibe cause ito in^hmeiugr vas not 
gueesedat; butitwasremoved^iftadvqK^Pl^l^WlininPBfei^ 
were pat in^ilace of die ^nals.'. In diis,<^efatifi^itbe.^^^ 
motion of the luunmer is,dtoolntdy neeessary, |t.je,not 
enough to it up ; it mnst be toued up, fto as .to flyhigber 
than the wiper lifts and' to .strike witih great force .titesjjboqg 
oaken sprinj^ which iuphteed in ite way^ It cmnpreaees this 
spring, and is reflects by it .with.aicoiuiiderable velopntyi .fto 
an to hit the iron as if it- had felkn fnfeft: a. great jhe4^ 
Had it been aUowed tO'f^.to. that height*, . it ’wouUL-'haaa 
fidlen upon the iron witfar; somewhat mote feacf, (l)ecanBe,po 
oaken spring is perfectly elastie^^.but thiMlwasud .ha'fe^- 
quired more than tadce the time. ' 

In employing a power which idf neeeBaij^ reoprocakec^ 
drive macmneiywhicht requires .a odadnutoia-nuition (aft/jn 
applying the steam-en^e to a .cotton.or griftmiU,) 
also occur gfeat diffimwes. The necessity pi rei^iocation 
in die first mover wastes much powers feeoause, the. .ihstru> 
meat which oommunicntei encih an «noinMius.fife 9 e,muitJfe 
eatremely strong, and, bo w^ si^ppoitoiU.-i^ inyelfeiig 
power is wasted in inqpiH!ting* andiiMPtoevignrda.i^ 
vast qnalidtoof nwdoa in.w workbg.wi^ . l?io< 4 ^Kilnil 
ei^liii^ ww Attend to th^ and do Jiis ntmoat .to p^ui:ft. 0 e 
neoesasifr dtrfeigth.of tlus firstimovpr, wjdimt^niphiBg ftin 
jrMtioad of inert matter.' ihe wdl-fl]80>$KepiMfe>j^dL^4iie 
atramaion it^and on itssuppmta, are jdumgmg 
doM. in evirif attolit. This reqniiea pasdnifelt attm^to 
the nmimer of stqiporting it. If we observe tbo; f^mn- 
dif^ebviHbiUirhqfh.beeniloiig erected, wa aqa that 
lnCfelBdy^dnfeeh,Jtha .bqUdtBg to’ j^bceih l^.hatife^ 
#ifei|h^dia^ i/Pfifiriam eit hmttention <il;^sipnt!^p 0 a 
Vmjr .'are linlmi more jodifload^ meoted fetw, 
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the top of the barrel) all the accelcMth^ la uadoni^ and la 0 
begin ahahi.' The aiotton of each e mafchljie ia very 
blio|f : bat the 8uper|^ of aeceleralaiig tatf» tfi the begior 
ning of a ratnmuig stroke eriU not niaiat Sfini b eluiagiijo 
the modon of die maddne if we conncfet the 1^ <wbr 

theaceelenidDgilMdneatiim is adetensdnateqtilHiWf llhcter 
fbre, if the ramns of the fly be great> dm VMMpMflhte 
attidned by communicating a small angular anbtiaii to the.bU(; . 
ddne. • ‘ " j 

The momentum of the fly ia as the (Miaa» of its rfiBmi,t 
therefore it reabtk abceleradon in dds pnq^ionj and 
idthongh the overplus of power generates the aame mommi^ 
turn of rotation in the wh^ macmne as before, it makea but 
a small addition to its vdocity. If the diamicter the 
be doubled, tbe'augmentatioH of rotation will be redqeed to 
one>fonrth. Thus, by givit^ rapid motion to a small quan- 
tity of matter, the great accderttion during the retoming 
stroke of the piston is prevented. This acceleration conti- 
nues, however, during the whole of the retnndng stroke sad 
at the end of it the machine has acquired its greatest velo- 
city. Now the working stroke begins, and the overplus of 
power is at an end. The maddne accderates no more j but 
rf the power Is just in equilibrfo witit the resistance, it keete 
the velodty which it has acquired, and is still more accefo* 


S IU8 of resistance, ana a retaroatimi oqpns, and coonnami 
oritig the whole rise of the piston V'bnt it is Inconddamie 
in comparison of What it would have been without the fly; 
for the fly, retaining its acquired morneptum, drags fbrwaUd 
the rest of the mi^ne, aidii^ the inwelling power of the 
whed. It does thte by dl the eommonkanonatMouginto esdi 
other in the cqiposite dfaectiont The teetii of the interven- 
ing vriiMls are heard to drop from their fimnm oontaet on 
one side, to a contact <m the otiwr. By eonddmhig this mo- 
cess viitii attention, vre easily perodve tha^ in a fow strfMUM, 
-tteover^aof pewor during me retumiog stroke comes to 
be so acyasted to the deficiency during the.workiug etroke, 
that the accelerations and retardations esa^y destroy eam 
olliei^ and every sueceeding stiplee is made iritii the saiW 
veled^, and an equal number «f strokes is made in every 
Moceediog mimrie. Tbaa''tbe maddne aequhea a genetid 
Bfdformity wiihperio&dineqmdftiea. Itiaplafottiatqroiit* 
flcfmlk^efdan^ dther fheaameMr*or thewelf^oftiBr^^ 

tlinimgdhuiipof tim mc^ lObybe reifddred as a#>e 










wMSi&g hatd, is at oncrUdeMi 
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MW it anoflwr 1 

'‘titiftf. Wlitn tbie liatn, _ — 

' imm^HiMtaly tSbtt Uyilit* 
beeatue'thef loa^ (_ * 

bnl tbV'i 

amy i ^ 

]$an OB 

load; after B^ich their jece Mitm teMteB t lidWdir 

at<4y> The spindlea, eards, aod obbbina, of a''cS>tt«kl^'ih!}( 
an also a sort of flies. Indeed, all bo&y tnat^lhea of 
{eoiatin fchid tend to preserve their motl eat w ith aoiBedtt|Me 
of steadiness, and their great raonenumenneim iflu ate- 
flit in ibis respect as it is pf^uffildal tb Ihe acceleral^n or 
any reciprocaaon i^en wanted. There b another kiild 
ngulsting fly, consisting wiu^s Whirled h^kly rOtthd* 
till the reris^ce ci the air prevents any great accelerktidn 
This is a ve^ bad one for a uorA^i^g^'huiel^e, for 



introdtfleed into anytnaehhie employed in dsantiflKJMM^''^’'’ 
Some rare cases ooonr where a very different regulate » 
requited : where a eertahi detendd^sMt vehxflty is matn^g^ 
cessary. In this case the mecnhst is ft^j^jisii^ AliteM^ 
trttme mover, with a eonieid pendtdnm, Im 

' lodsi, whie|i move jnrMry 


Sfl^leKhfijiiheaxfti'tvfflmhe' e revOlnl^ 
ttrySMau^.! l^we attempIttQftneeft’iiioi^e 
Miw >fld& recede It HMe mw (be a^ it 
t^ftd'itMWhtttbttaa.beforet jeodw^"*^ 
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ia 

voildi^'poiii^ U ■hoald not be tar cedMSe# feem it. ^ bi • 
ewta|n senaet ^ fy VMy be eai(i te am ptnt^ <m*a ibiH94ft^ 
beewM by aceumuleting into the txtiiwt attm vuHpMlnjbi^ 
•zertiona of maDy> we oan oomeHioe»a>tSeWDiii e <a -o lM it i ^ 
that we never could have bahhiieltd' 1^ the( aua^ 
unaided by the fly. And it it tibft accymuladpo fl^NO 
which gives such an i^pearaace poWit* to >aamt of otir 
first movers. ’ ' 

' ANIMAL STRENGTH.’ 


Animal stbengtb has been very Jiflbrently esthnatsd by 
diflbrent authors ; but ^ia is not to be wodderkd at when we 
Consider the many difficulties that ever must attend any 
attempt to subject it to an estimate. Phjr^ical causes mutt 
sensibly affect the extent and duration of animal exertion, 
either in man or beast } and the only wr/ of coming to any 
thing like an accurate result, is to compare the experiments 
of the diffbrent philosophers who hav^attendb i to the aub> 
ject. Thia has been already don* by Dr. Young, in we 
second vob^tie of his Pkilotoplafy whose valuable titbies we 
here present to our readers. 

t-Cvnparative table of meehanictU forces. 


In order to compare the different estimt. a of the force of 
moving powers, it will be convenient to take a unit which 
may be considered as the r 'an 'effect of the labour of an 
active man, working to the greatest possible advantage, and 
without im^diment. This will be m y on' a nmdeHate 
estimation, sufficient to raise lOoounus, lU feet 'in a second, 
for ten hours in a day; or to raise a 100 pounds, which fothe 
weight of twelve wine gallons of water, one foot in a second, 
or ^000 feet in a dSy ; oT 3,600,000 pounds, or dSlLfiOO 
gallons, one foot in a tuiy. ‘ 'Hiis We may call a force Of oqit 
emitinned 36,000" 


force qf men, it/iilunti ie^ucHm /orfiieli<m. 
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at about iKt Jv* 

Biltilfom the Wmuloii it to bembtmr whethot ' 

tholbrc!# is ^ p#uwli o#'®® ^ ^ 




For ft short time a man mmf exert a Horoe df 90 ponmds , . , 

with a fly, " whea the rnotton If Fri$|y ^uick/*— Desa- * * ^ 

gaU^ jB 

A maa g^oF op aihi^U.ittstrea la ^ 

lomb Wfi2 1' 

AmangoiagttpstaiiwforhflayirehM^ehiUograimaee ^ 

to the beight|Of a chiUometre!«--43oalomb •••«•• o t. * . •• 

With a spade a man does as much as in asceadiiig 

stairs*— Coulomb ^ ,39> 

With a winch a man does | as much as in aseendiag 

stairs*— Coulomb fiOB 

A man carrying wood up stslts raises, together with 
his own weight, 109 ohlliogrammes to one chuaometre^ ' 

Coulomb 

A man weighing 150 pounds, Fr. can ascend by stairs ^ 

three feet, Fr. ia i" for l6^or 20»'.-Coulomb 5,92 20» 

For half an hout, iOO pounds, Fr may be raised one r ” 

foot, Fr« in 1^^— Coulomb " 30* 

According to Mr. Buchanan's comparison, the force ^ , 

exerted in turning a winch being made equal to the unit, ' * 

the fo*'ce in pumpiag win be 

In ringing 1,39; ^ 

Infowh^ 1,43 

Allowing the aoeumey of Eular’a formula, confirmed by 
Schulse. supposing a man’s action to be a maximum when 
he wallEs 2$ miles an hour, we 1 are 7i for ms greatest 
velodity, ,04f7§-*«)* for ihe force exerted with any other 
relodty, and ,OfOO(74 — v)^ for «be action in each eftse s ^ 
thus, when the velocity is r le mi)e an hour, the action is ,670 

When two miles ,964* 

Mriien three ,972 

When four ,794 I i 

And when five ,5 i ' 

w * ♦ 

And the force in a atate of rest becomci'S^ or afaDttt 

70 pounds j with a velocitv of two tailing 86 pounds | wilb 
three; 24 pounds} and with four, 16, 

It is obrious that ui the extreme cMei ^le fimholp is'in- 
acourate, but for moderate velocities it is probably a tolentble 
appm^mation. < " 

Coulomb midees the matimum of effect when a man, 
weighing 70 cbilic^rammes, o^ea a weight of 53 up stiiloi, 
but this, appeara to be too great n load} he cmisidwr, 145 
chiHpgt^ines m the greatest weight that can be ndM6« 
He obamvea that in Martinique, Where the thermpnMilr la 
seld<Hn below 68% the hiMtor of Bnropeans is redeceS to one 
half.* 
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HMdotSMerta his totWap, with nwaon, 

cia ^ %\mx to **w «w«ittoii 

nOos an horn;: <^ainMo ftmEHet mUmw vito a ^ad 
ta 160 ponods eadi { jsnd % it hII ^ la Tiiikra tbere'are 
pdfteni who, \>f tUnAf^g, fotwi^ cany Aota to 900 
pounds placod rery Id^ cq tbdr.biteltt.. 

Ihe mot^ advantageous weigh! tor a man of ooionion 
stteng^ to canyhorLiontaliy, ialll pounds) or if be returns 
uub^n, 1^5. Whh wheel-barrows, men will do*faalf as 
VUueb more work as with hods.'— Coutouib. 


Perfomumce qf mea £y moaUser. 


>,saiMt 
fiw on* 


» A mail nd8e4 by a rope and pulley it5 pouiuli. Pe. 22M) 
feet> Fr* Ip 14V^— Amontoiia t • » 

A maa eaa raise, by a good eomiiloa d hogriiead 
of water 10 feet high lu A ailnate^ a wl^le day. 

By the mfUrou^ pumps otter good p«^, 
may raise a lii||||ttead 18 or 20 nit la a miaueii I 
or twontaitdi «* ••»4s.s«»tf««»«s.»*asssss».,.-... 

Id a jrile Onglae, 55^ pounds, Fr were raised one Ipotji 
Fr« in UjM bbuia a day, by p ropd drawnliorlimn* 

Robiaoh eaya, MfU old man r^d aerw cubic 
Itet of waterp 11} |n for eight or ten hours a f 
by walking backwarda add forwards on a ieirtf^MA „ . 

A young man wtMliig 135 pounds^ and marrying 30, 
ralsea 9} ruble feet, 11} feet high, for 10 hours a day, 
without fatigue RoUson 

Wynner'a mpcUoe enables a man to raise a hogdiead 20 
feet in 8 minute.^ Ye.es 


Two horses, attached to a ploiMfh on , 
eaerted each a force of 150, Fr«—rAmontpiis. We may 
suppose that they wept a Utile more than two miles an 

* lionr, for eight hoarpi 

A hoftemtun wtch the jfeafest adnntage wten ths line 
of diaehtioato lord iHAikls bieaet;. mid lie can draw prtib 
a foies of 200 pouadsy 2} mUss an hidir, for d^t hours 

a^foi^a of Woo^iix forars. Oaacanriamlri 
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thATf t«»ive ftic^ 'M dn Iftbattr'oNhe tftr 

creasedl*:^ a small earre| whidi tjfiiisea di m t eas d nedataiMd * 
uaoithlsti^diotd^erB. f1teBttioUMsMMl*v«soA^atsd 
toai li6ne may not tw ceqnhcMibtdetiata ftom his usual 
pa^ of two idles aid a hafi^’VHli aiN»tiMm, an hoar. Hia 
girea, in which ilie hone wMa^'rtumld'not-ba itaanorably 
to tile amiSy bat hong by a swird joints ao< &at he 
may plhce himsdf in the most coiofortahie podtioa. The 
Mfork should be sapjdcd to the machiady as regi^^ aa 
possible. 

Harfitgy in the preceding acconut, stated the mean redilts 
of hii^man exertion when implied to regular an4 uniform 
labour, we shall in tije next place proceed to hotice some 
eiltraordinary hwts of strength, as well as seme that had the 
appearance of being inich, but which ndle, in reality, the 
mere effects of Contrivance and skff4 and which might have 
hern peKormed by almost any men who were possessed 
of that knovtiedge of their constmetion os would enable tbeiu 
similarly to exert their sirehgtii to the best advantage. 

M. de la Hbre, in an JBjtamination 6/ the For^j^ jlfsH, 
(vide Mempirifiif the Academy of Selenees for 
^*There hieki whose Spirits flow so abundmitiy into their 
muscles, ^Eait''timy exert three or four times more strength 
than otherddb \ and (hhi seems to be the natund reason of 
the surprising strendh that we see in some men who carry 
and Ruse weij^ts '^oi^ two or three ordinary men tfian 
hardly snstaitt, thoagh m^se men be somedmes but iff a 
moderate stature, and rather appear weak than strmig. 
There was a man in .this country a little while ago, who 
would eury a vetw huge anvil, and of whom was reported 
several wonderful «aM of sbength. But I saw another at 
Venice, whb was but A lad, and did not seem aUe to carry 
above forty or fifty pounds, with all possible advantagesj jet 
this young fellow, stenfing ^on table, nused the 
earth, and sust^ed hff* the grourid, an ass, by means df a 
bhmd ^rth, which, gding undertime creature's bdUy, 
upon two hooks that wefe fhstened to a phitef smw cnfds 
coutiim do^ in tresses from the hair on each shk of the 
Ltd’ll ’head, which were in no great quantity. And aU’tJM* 
great force deptnded onfy upm the musdea akaui^t 
and thoaa ttfthe Mnai for he stooped at first whflst&e 
i^ks were to the glfth, andwen ndsed himsalfr and 

l^ted up the am from the gmupd, bearing witir his 'hiMB 
upon his knees. He r^ed idio in the smne maoher othik 
trvights that beemeif neavitf, and used to say he did ‘wSth 



V 

m a wiMW) fcjUkvd «ia4yMMU|M wM* imt 

aittite^^anwftRkm* tiif^ 

M)rg| Ifi'WWfe'ifet ituHniM ItcM U ^th» 

imaf nral»»<d% rtifffirtilKl.tyitof q|tto>wM» iftiie toft j for 
^ * *.»4»irfii^W*faiee»wAi 

mkitSS^hn tedjriWin^ aad'Jifolmeife vtiffj iMlIila iMidr 

uM^t iUffUafkMAi bent) foiMto liifog 
imm fifte^to Win ^ rinne'piane'Witii bl« Ancles nod 
the heads of his tbigh*bonet { by which means the line of 
dlrtidliitQ^of tiinfoan uid ^whcde weight came between the 
stiongest lart of fafo twofoet^ ediich are the snpportst then 
as he extended his tegs he ^ed hini8elf> withwt ohadjgiog 
die line of direction. That this mast have bei^ d)e manner 
I am prettjrwell assured of^ by not cmly t^servii^ those that 
pmferm such fonts, but having often tried it mysw As foe 
the mtts^ee of the'loinsj they are incapable m that ahrain, 
bdng'above six times weideer tiian the extensors of thdilegljt 
at least i found them so in myselH 
f'Ahout the year I 7 I 6 , bavii^ the hoboar'tof idiowing a 
ereat’many experiments to his late im^eaty King George I.> 
his mi^esty 'was derirous to know whether tibere were any 
ftdlacy in those feats of strength that had been Shown hau 
a year before by a man, who seemed by his nmhe to be no 
stronger tiian otiier men; upon tbisi had a frame of wood 
BUkde to stand in, (and to rest ary hands upon,} and witii a 
drdle and ehain lifted ah farmi eySnder, mane use of to roll 
toe garden, sustaining it easily when once it was up. Some 
noblemen end gmtiemen who were>presmit tried the ex- 
periment aftenrards, and lifted the rollmi some with more 
ease, and some with more difficulty, tbao I had done. This 
toiler weighed > 1,900 pounds, as ' the gardenar told us. 
Afterwards I tried to hft 900 nounde with my hands, (vix., 
two pfdlB with ISO poonds of quickrilvcr in each,} which 
1 dia indeed rake the ground, hot strained my back 
00 as tofeel it tiiree or four days; which shows that, in the 
saase peraoiH the muscles of the loins (which exerted their 
ftuce in thk last ei^rimmit} are mere' than times 
weaker than the extensors of the legs; for J frit no ineen* 
vtojen^ from rakiog the ironjraller." 

tiie time that Jh. iWigidiem was oceopkd in 
lainting thC aeocnd volume of hki’')wfoM!P%,a mao of great 
lilftnial Btiwagth exhibited hinkelf in Ixmoon* of whom the 
doctor gives the fitilowing aecoibit. 
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Thomas Popham, bom in London, andi^v about thlttjr- 
one years of age, five feet ten inches 
hard and prominent was brought up a carpenti^ vrhich trade 
be practised till witmn these shs or ser^ yeaes lhat he has 
showed feats of strength; but he j^pnti^ly kjnoi’Ant of any 
art to make his stren^ more suipnsing. my| sometimes 
he does things which become more difficult by his wadvanr 
tageous ^tuation; attempting, and often doing, what he hei|rs 
other strong men have done, without makihg use of the same 
advantages. 

** About bix years ago he pulled against a hors^mtting upon 
the ground with his mt against two stumps ^vm into the 
ground, but without the advantages whi^ ndghi nave been 
attained by placing himself in a proper situation; the horse, 
however, was not able to move aim, and he thought he was 
in the right posture for drawing^agunst a horse; but when, 
in the same posture, he attempted to draw against two horses, 
her was pulled out of his pl^ by being hfted up, and Imd 
one of hu knees struck against the stumps, which shattered 
it so, that, even to this day, the patella^ or kne»-pan, is so 
loose, that the ligaments of it seem either to be br^en or 
quite relaxed, which has taken away most of the strength of 
that leg:” 

Dr. Desaguliers then relates the exploits which he saw him 
perform. 

** 1. By tile strength of his fingers, (only rubbed in coal 
ashes to prevent them from slipping,) he rolled up a very 
stroig and large pewter dish. 

** 2. He broke seven or eight short and strong pieces of 
tobacco-pipe with the force of his middle finger, having laid 
them on the first and third finger. 

** 3. Having thrustin under his garter the bowl of a strong 
tobacco-pipe, his legs being bent, he broke it to pieces by the 
tendons of his hams, without altering the bending of his knee. 

** 4. He broke such another bowl between his first and 
second finger, by pressing bis fingers together sideways. 

He ii^d a tidile six feet long, which bad half a hundred 
weight hanging at the end of it, with his teeth, and held it in 
an horismntcd position for a considerable time. It is true, 
tile feet of the table rested against his knees; but^ 
length of the table was much grmter than its h^ht, that 
pmformaace req^uked a great strengtii to be exerted by ^ 
muscles of his Imns, those of his oec»« the tmuaeter and tm- 
poralf (muscles of the jaws,) besides a good set of teetii. 
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** 6. He en kttcBen pokw^ about a yard lon^, and 
three indhee 'la citoatafereace, ao^ holding it in his right 
Beady he stimelC uptai his bare left ana, between the elbow 
and the wriety tHl he beat the poker nearly to a right angle. 

Hetooksaidiaaitherpmeryandhddingiheendsof it 
in his hand%' and the Iniddle against the back of his neck, he 
brought both ends of it together dwfbre hint; and^^what was 
yet more difficult, he pulled it atmOst etrai^t t^n : because 
^ the muscles which separate the armi horisontauy from each 
* other are not so strong as those that bring them together. 

' •* 8. He broke a rope of about two inches in circuniferencey 
which was in part wound about a cylinder ot four indies 
diameteTy having ftstened the other end of it to straps that 
went over his shoulders. But he exerted more force to do 
this than atay other at his ftfats, ftom his awkwardness in 
, going about it; for the rope vielded and stretched as he stood 
upon the cylindery so that when the extensors of the legs and 
thighs had done tiieir office in bringing his legs and thighs 
straight, he was forced to raise hls heels from their bearings, 
and use other muscled that th'e weaker. But If the rope had 
been so fixed that the rope to Be broken had been short, it 
woidd have been broken with four times less difficulty. 

** 9. 1 have seen him lift a rolling stone of iiBotit 800 
pounds with his hands only, standing in a ftattie above it, 
and taldng hold of a chain that was fastened to it. By this, 
I reckon, he may be almost as strong again as those who 
are generally reckoned the strongest men, they generally 
lifting no more than 400 pounds in that manner. The 
weakest men who are in health, and not too lift about 
12fi pounds, having about half the strength of the strongest. 

** M. B. This sort of comparison id chiefly in relation to the 
muscles of the loins; because iu doing tms, one must stoop 
forwards a little. We must also add the Weight of the body 
to the weight lifted. So that if the weakest man’s body 
Weighs 150 pounds, that, added to 125 pounds, makes the 
whme we^ht lifted by him to be 275 pounds. Then, if the 
sttOngeat man’s body ufeighs also 150 .pounds, the whole 
weight lifted, by him will be about 550 pounds, that is 400 
pounds and the 150 poundd which his body wei^s. Top- 
ham weighs about 200 pounds, which, added to the 800 
pounds mat he lifts, makes 1000 pounds. But be ought to 
Uft 900 pounds besides the weight of his body, to be as 
atrupg again as a man of 150 pounds weight who can Uft 
400 pounds. 

** About thirty yeadi ago, one Joyce, a Kentish man, fninous 
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for his great strength) showed several feats in iiondon and the 
country) which so much sQrprised the spectators) that he was 
by most people called the second Sap^son, But though 
the postures which he had learnt to put bis body into) and 
found out by practice) without any mechanical theory, were 
such as would make a man of conunon strengtb do such feats 
as would appear surprising ,to every one who did not know 
the advantage of those positions of the body, yet nobody 
then attempted to draw agunst horses, or raise great weights, 
or to do any thing in imitation of him : because, as he was 
very strong in the arms, and grasped thoM that tried bis 
strength tnat way so bard that they were oblit^ immediately 
to desire him to desist, his other feats (wherein bis manner of 
acting was chiefly owing to the mechanical advantage gained 
by the position of his body,) were entirely attributed to his 
extraordinary strength. 

But when he had been gone out of England, or had ceased 
to show bis performances, for eight or ten years, men of 
ordinary strength had found out the way of making suclii 
advantage of the same postures as Joyce had put himself into, 
as to pass for men of more tiian common strength, by draw- 
ing against horses, breaking ropes, lifting vast weights, &c., 
though they could in none of the postures really perform so 
much as <7oyce, yet they did enough to amuse and amuse, 
and get a deal of money, so that every two or three years we 
had a new second Sampson. 

About fifteen years ago a German of middle size, and but 
ordinary strength, showed himself at the Blue Posts, in the 
Haymarket, and, by the contrivances above-mentioned, passed 
for a man of uncommon a^ngth, and gained considerable sums 
of money by the daily cmicourse of spectators. After having 
seen him once, I guessed at his manner of imposing upon the 
multitude; and being resolved to be fully satisfied in the 
matter, I took four veij curioiis perkons with me to see him 
agun, viz., the Lord Alarquia of TulUbardin, Dr. Alexander 
Smart, Dr Pringle, and a mechanioal workman who used to 
assist me in my courses of experiments. We placed pur- 
selves in such manner round the operator, as to be able to 
observe nicely all that he did; and found it qo practicable, 
that we performed several of his feats that evening by our- 
selves, and afterwards I did the most of the rest, as 1 had a 
frame to sit in to draw, and another to stand in and lift 
weights, together with a proper girdle and hooks. 1 likewi|f(S 
showed some of the experiments before the Royal Soci^tvi 
and ever since, at my experimental lectures, I explidn the 
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reason of such performances^ and take any person of ordinary 
strength that has a mind to try^ who can easily do all that the 
German above-mentioned used to do, without any danger or 
extraordinary straining, by making use of my apparatus for 
that purpose. 

in order to explain how great feats may be performed by 
men of no extraordinar}^ strength, 1 have in fig. 79, drawn 
the lower part of a skeleton, containing so many of t)ie bones 
of the human body as are concerned in these operations, 
'making the figure pretty large, to show the better how*the 
girdle is to be applied. 

The bones marked I S A PH I,* which compose the cavity 
called the pelvis, contain a bon)^ circle or double arch of sucfi 
strength, that it would require an immense force to break 
them by an external pressure directed towards the centre of 
the circle, or the middle of the pelvis. It is also to be 
observed, that those parts of this bony circumference, which 
receive the heads of the thigh-bone above, at, and below A, 
called the ischium or coxendix, are the strongest of all, so 
that a very great force may push the heads of the thigh-bones 
upwards, or, which is the same thing, Ihe upper parts oi the 
coxendix downwards, or towards each other in a lateral 
direction from A to A, without doing any hurt to the human 
body. 

Now if the girdle above described be put round the body 
in the manner represented in the figure, and be drawn down- 
wards at G, by a great weight W, it udll press on the os 
sacrum behind, and the ilium; then it will, by its pressure on 
TT,1the great trochanters of the thigh-bones, draw the round 
heads the faster into their sockets, so as to make them less 
liable to slip out and strain the ligament by a push directed 
upwards. So that the semicircular part of the girdle, T C S C T, 
presses together the bony arch denoted by the same letters, 
which, according to the nature of arches, is the stronger for 
that pressure. The abutments of the arch cannot come 
nearer together by reason of the resistance of the strong 
bones A P A, neither can they fly outwards, because the 
girdle keeps them together. 'I'hen the thighs and legs T D B 
are two strong columns, capable of sustaining 4000 or 5000 

* These bones are thus distinguished by anatomists : S, the os sacrum ; 
II, the ihum; A A, the os ischium; whose stiongest pait has on each side 
an hemispherical concave, in which the round head of the thigh-bone is 
received and turns round, being held by a strong ligament in its middle ; 
those parts of the bone that join together before, betwixt A A and above P, 
aie eailed the os pubis, or ossa pubis. 
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pouudB at least, provided they stand quite . upright. The 
musdes here are put to no atniin, being no farther concerned 
than to balance each other; that is, the antaigonist muscles^ 
extensors, and flexors, only keep the bones in their place, 
which makes them resist like one entire bone formed into an 
arch. 

This shows how easily the man, fig. 80, may sustain a 
cannon of 2000 or 3000 pounds weight. The same solution 
will also serve for the resistance of the man, fig. 81, whom 
five men, nay tea men, or two horses, cannot pidl out of bis 
sHuation when he sits so as to have his legs and thighs in 
the horizontal line P F, or in a line inclining downwards 
towards A, for then, though there is a difference in the sitting 
posture from the standing posture before described, yet by 
reason of the mobility of the heads of the thigh-bones in the 
acetabula or cavities of the coxendix, the arch is the same 
and as strong as before, its abutments being equally sup- 

S orted by the legs and thighs. It is only the bending of the 
ack-bone above the girdle to bring up the body which makes 
the difference of position in the man, though not sensibly in 
the resisting parts. 

In breaking a rope the muscles must act in extending the 
legs; and that we may the better explain that action, we must 
consider a man breaking the rope, as represented in fig. 82. 
Suppose a rope fiistened to a post at P, or any other fixed 
point, is brought through an iron eye L, to the hook of the 
girdle H, of the man H I, and so fixed to it by a loop, or 
otherwise, as to be quite tight, whilst the man’s knees are so 
bended as to want about an inch of having his legs and 
thighs quite Upright. Then if the man on a sudden stretches 
his legs and sets himself upright, he will with ease break the 
very same rope which held two horses exerting their whole 
strength when they drew against him ; such as a cart rope, 
or a rope of near three qiuirters of an inch diameter, which 
may be broken by a man of middling strength, by the action 
of the ten muscles * that extend the legs, five belonging to 
each leg. 

* The four muscles that extend each leg are described hy anatomists 
thus 1. The rectus, arising from the anterior inferior spine of the os ilium, 
and inserted, through the medium of the patella, into the anterior tuberosity 
of die tibia. 3. The oruralis, situated beneath the former, and arising from 
the front surfi^ of the os femoris for a considerable extent, and jiusi^d 
into the upper edge of the patella, and also, through the medium of Uud wnSf 
into the anterior tidmrosity of the Ubia. 3. The vastus extemus, arising flom 
the root of the trochanter major, and outer side of the os femoris. tH/i. in- 
serted into the outer edge of the patella, and again, through its medium, into 
the anterior tuberosity of the tibia. 4. The vastus intemus, which arises from 
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In breaking the rope one thing is to be observed^ which 
will much facilitate the performance; and that is^ to place the 
iron eye Ls through which the rope in such a situatiouj 
that a plane going through its ring shall be parallel^ or nearly 
parallel to the two parts of the rope; because then the rope 
win in a manner be jammed in it^ and not slipping through 
it, the whole force of the man’s action will be exerted on 
that'part of the rope which is in the eye, which will make it 
break more easily than if more parts of the rope were acted 
upon. So that the eye, though made round ancf smooth, may 
be said in some measure to cut the rope. And it is after this 
manner that one may break a whip-cord, nay, a small jack- 
line, with one’s hand, without hurting it; only by bringing 
one part of the rope to cut the other; that is, placing it so 
round one’s left hand, that, by a sudden jerk^ the' whole force 
exerted shall act upon one point of the rope. See fig. 83, 
where the cord to be broken at the point L in the left hand, 
is marked according to its course, by the letters RTSLM 
N O P Q, folding once about the right hand, then going under 
the thumb into the middle of the left hand ; where crossing 
under another part, it is brought back under the thumb again 
to M, then round the back of the hand to N, so through the 
loop at L to O, and three times round the little finger at P 
and Q; which last is only that the loop N O may not give 
way. Before the hands are jerked from one another, the left 
hand must Ve shut, but the thumb must be held loose, lest 
pressing against the fore finger it should hinder the part TL 
of the rope from carrying the force fully to the point L; but 
the little finger and that next to it must be held hard, to 
keep the loop N O firm in its place. 

There are several cases, wherein it would be of singular 
use to apply the force of one or more men, by means of the 
girdle or nook and chain, in the manner above-mentioned ; 
as for example, when the resistance is very great, but the 
bodies that resist are to be removed but a Uttle way : if we 
lift very heavy goods a small height, to remove any thing from 
ujider them; if we would draw a bolt or staple, and find we 
cannot do it even with an iron crow, the 'hand pulling it 
upwards at the end ; then the hook of the girdle being apfdied 
at the end of the crow, the force exerted'by stretching the 
legi^ would be tenfold of what the hands were ^ble to do, 
wnhout more help at the same place. 

There may also be man^ occasions on board a ship. I will 

the root of the trochanter minor, and inner surface of the os femoris, and 
inserted into the inner edge of the patella, and likewise, through its memiim, 
into the anterior tuberosity of the tibia with the former muscles. 
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instance but one. Let F fig. 84^ be the tackle for raising 
or lowering the main-top-mast, part of which is represented 
by m 1, m2; the block G is fixed below, and as the block P 
comes down, it pulls along with it the top rope F B C, m 1 
running over the block fixed at A, and round the block C 
in the heel of the top-mast, so as to draw up the lower end 
m 1 of the said main-top-mast, which, when hoisted up to its 
due height, is made fast by the iron pin or fid I, which is 
thrust through it, and then its own weight and the bole D of 
the cap will keep it in its place. We will suppose that the 
force required thus to raise the mast must be that of six men 
pulling upon deck at the fall of the tackle, that is, at the 
running rope F G K at K on the otner side of the main-mast 
L /. Now in order to let down this mast on the sudden, as 
in case of hard weather, it is necessary the tackle and power 
must be made use of, though it be but to lift it a very little 
way, that a man may be able to get out the fid 1, before the 
said mast can be let down and slip to N on the side of the 
main-mast. 1 say, that if the hands are so employed other- 
wise, that instead of six men there be only one man at the 
rope K; if he has a strong girdle to which he fastens or 
mhkes a bow in the rope itself, to fix it round, the lower part 
of his back, &c., he may exert much more force in the direc- 
tion G K than the six men in the common way of pulling ; 
and if be draws to him, sitting on the ground, and pushing 
his feet against the first firm obstacle that he finds, as against 
O P, only two inches of the rope G K, he will raise up the 
main-top-mast the third part of an inch, which will be suffi- 
cient for the iron fid 1 to be drawn out.’^ Desaguliers' 
Philosophy, vol. i. 


WATER-MILLS. 

Water-mill is the name by which all mills are designated 
that receive their motion from the impulse of the water. 
As each of these mills will come under their respective heads, 
we shall, in the present article, confine ourselves to a minute 
description of the difiefent kinds of water-wheels,, by whose 
axis the force with which they have been impressed may be 
transmitted to move any species of machinery, however simple 
or complex. 

But, notwithstanding the extensive signification of the 
term water-mill when applied M the different branches of 
manufacture carried on therein, we have another, and still 
more simple division, arising fi^m the peculiar constructipn 
of the water-wheel, termed the undershot-mill, the overshot- 
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mill, mid the breaNt-mill. There is also another called the mill 
with horizontal wheels; but as this is very fisadrantageous 
m point of practical utility, we shall forb^ to describe it. 
The mdertiot^wheel is only in streams, and is acted 
rnKMi by the water striking the float-boards at the lower 
encutafeieiice of the wheel. In the avershot-wheel the water 
is poured orer the top of the wheel, and is received in buckets 
foimed all round the wheel for that purpose. And in the 
irea^t-^Aeri the water ftdb down upon the wheel at right 
angles to the float-boards, or buckets placed round the 
circnmference of the wheel to receive it. 

UND£RSUOT-WHBBLS» 

Mr. John Smbaton has made numerous experiments upon 
the different kinds of water-wheels, the results of which were 
laid before the Royal l^ociety. ^^e time that has elapsed 
since the period when they were first given to the world, has 
been sufficient to prove their fallacy, if any had existed; and 
the high estimation in which they still continue to be held by 
mathematicians and mechanics, is certain evidence of their 
value and importance. 

Mf . SmeaUm pre&ces a minute description of the madiines 
and models used by him for his experiments, with an observ- 
ation, that what he has to communicate on the subject was 
originally deduced from experiments, which he looks upon 
as the best means of obtaining the outlines in mechanical 
inquiry. But in such cases,’’ says he, it is very necessary 
to distinguish the circumstances in which a model differs 
from a machine in large; otherwise a model is more apt to 
lead us from the truth than towards it: akid, indeed, though 
the utmost circumspection be used in this way, tlie best 
structure of machines cannot be fully ascertained but by 
making trials with them, when made of their proper size. 
It was for this reason, though the models and experiments 
referred to were made in the years 1752 and 17^^ that I 
have deferred offering them to the Society until I had an 
opportunity of putting the deductions made therefrom in real 
practice, in a variety of cases, and for various pui^ses, so as 
to be able to assure the Society that I havd found them to 
answer*^ 

Mr. Smeaton then remarks, that the vrotd power, as used in 
priu^tical mechanics, signifies the exertion of strength, gra- 
vitation, impulse, or pressure, so as to produce motion: and 
by means of strength, gravitation, impulse, or pressure, com- 
pounded with motion, to be capable of pi^ucing an effect > 
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and that no effect is properly mechanical^ but what requires 
such a kind of power to produce it. 

Having described the models and machines used for making 
his experiments^ he observes that with regard to power^ it is 
most properly measured by the raising of a weighty the 
relative height to which it can be raised in a given time 
being the actual extent; or^ in other words, if the weight 
raised be multiplied by the height to which it can be raised 
in a given time, the product is the measure of the power 
raising it; and, consequently, all those powers are equal, 
whose products, made by such multiplication, are the same : 
for if a power can raise twice the weight to the same height, 
or the same weight to twice the height, in the same time 
that another power can, the first power is double the second; 
but if the power can only raise half the weight to double the 
height, or double the weight to half the height, in the same 
time that another can, those two powers are equal. This, 
however, must be understood to be only in cases of slow and 
equable motion, where there is no acceleration or retardation. 

Ill comparing the effects produced by water-wheels with 
the powers producing them, or, in other words, to know 
what part qi the original power is necessarily lost |n the 
application, we must previously know how much of the power 
is spent in overcoming the friction of the machinery and the 
resistance of the air; also, what is the real velocity of the 
water at the instant that it strikes the wheel, and the real 
quantity of water expended in a given time. 

From the velocity of the water at the instant that i^ strikes 
the wheel, the height of head productive of such velocity 
can be deduced, from acknowledged and experimented prin- 
ciples of hydrostatics: so that. by multiplying the quantity 
or weight of water really expended in a given time, by the 
height of a head so obtained, which must be considered as 
the height from which that weight of water had descended 
in such given time, we shall have a product equal to the 
original power of the water, and clear of all ancertaiiity that 
would arise from the friction of the water, in passing small 
apertures, and from all doubts arising from the different 
measure of spouting waters, assigned by different writers. 

On the other hand, if the sum of the weights raised by the 
action of this water, and of the weight required to overefotne 
the friction and resistance of the machine, be multiplied hy Ac 
^Mdght to which the weight can be rais^ in the time g^Ven, 
the product veUl be equal to the effect of that powei^; and 
ttiib proportion of the two products 'will be in proporijon of 
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the power ,to the effect: bo tlmt by loading the wheel with 
different weights sncceBsively, we anaU be able to determine 
at what pcfftieular load, and velocity of the wheel, the effect 
is a memmutn. 

The exp^iments made by Mr. Smeaton may thus be 
reduced, ^^e circumference of the wheel, 75 inches, mul<^ 
tiplied by 86 turns, gives 6450 inches for tiie velocity of the 
water in a minute; Vv of which.rnll be the velocity in a 
second, equal to 107.5 inches, or 8.96 feet, which is due to a 
head of 15 inches; and this we call the virtual or ^ective 
head. The area of the head being 105.8 inches, this mul- 
tiplied by the weight of water of the cubic inch, equal to 
the decimal 579 of the ounce avoirdupois, gives 61 .26 ounces 
for the weight of as much water as is contained in the head, 
upon one inch in depth, 'iV of which is 3.83 pounds'; this 
multiplied by the depth 21 inches, gives 80.43 pounds for 
the vmue of 12 strokes; and by proportion, 39^ (^e number 
made in a minute) will give 264./ pounds, the weight of water 
expended in a minute. 

Mow as 264.7 pounds of water may be considered as having 
descended through a space of 16 inches in a minute, the 
pioduct of these two numbers 3970 will express the jpou^er 
of the water to produce mechanical effects; which were as 
follows: 

The velocity of the wheel at the maximum^ as appears 
above, was 30 turns a minute ; which multiplied by nine 
inches, the circumference of the cylinder, makes 270 inches ; 
but ai the scale was hung by a pulley and double line, the 
weight was only raised half of this, viz. 135 inches. 


Vt. os. 

The weight in the scale at the maximum . 8 *— 

The weight of the scale and pulley — 10 

The counterweight, scale, and pulley ... — 12 


Sum of the rejsistance • . 9 6 

Or pounds . . 9.375 


Nowa89.375poundaia raised 135 inches, these two numbers 
being multijdiea together, the product is 1266, which ex- 
preMUS the eflbct produced at a maximum; so diat the pro- 
Ig^ton ^ the power to the effect is as 3970 : 1266, or as 

But tl^ugh this is the greatest single tfect producible 
liromHihe power mentioned, by the impulse of the water upon 

f2 



IHB OVBH&1I\B HKCH^MIC 


W 

an undershot- wheel; yet, os the whole power of the water Is 
not exhausted by it, this will not be w true ratao between 
the power of the water, and the sum of all the e0ittt pM>> 
ducible therefrom ; for, as the water must necessarify leave 
the wheel with a velocity equal to the wheel'a ciiconifereace, 
it is plain some part of the imWer of the water hiuat remain 
after quitting the wheel. 

The velocity of the wheel at the maximum is 30 turns a 
minute; and consequently its cirenmfetenoe moves at the 
rate of 3.123 feet .a second, which answers to a head of 
inches; this being multiplied by the expense of water In a 
minute, viz. 264.7 pounds pimuces 4S1 far the power 
remaining in the water after it has passed the wheel : this 
being therefore deducted from the original power 3.970, 
leaves 3.489, which is that part of the power spent in pro- 
ducing the effect 1266; and, consequently, the part of tlto 
power spent in producing the enect, is to the greatest 
effect that it produces as 3489 i 1266 : : 10 : 3.62, or as 

11 to 4. 

The velocity of the water striking the wheel has been 
determined to be equal to 86 circumferences of the wheel per 
minute, and the velocity of the wheel at the mammum to be 
30 ; the' ralocity of the water will therefore be to that of the 
wheel as w to or as 10 to 3.5, or as 20 to 7* 

The load at the maximum has been shown to be equal to 
nine pounds six ounces, and the wheel ceased moving wiA 

12 pounds in the scale : to which if the weight of the acale 
be added, viz. 10 ounces, the proportion will be nearly as 
3 to 4 between the load at the maximum and that by 
which the wheel is stopped. 

It is somewhat remarkable, that though the velocity of the 
wheel in relation to the water turns out greater than t the 
velocity of the water, yet the impulse of the water in the 
case or a maximum is more than double of what is assigned 
by theory; that is, instead of 4 (ff the column, it is nearly 
equal to the whole column. 

It must be remembered, therefore, that, in the present 
case, the wheel was not placed in an open river, where the 
natu^ current, after it has communicqtw its impnlie te>the 
float, has rpom on all fades to escape as the.tWxry WffipqpMe 
but iq a conduit or race, to wmieh the floBt is.aasBle^, 
the water cannot otherwise escape tjian.hy.moviw idaifF 
with the wheel. It is observable, that a wh^I wonJcgim 
this iqapner, *osooa as Jhe water oisets, the floaty iwceiiwB a 
awriseji against the float, ike a wave agsinat 
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a fixed oljeet} kMMMHich) tIuH wfien a sheet ef water is nut 
a quartec <tf an inch tilidc before it meets the float, yet this 
i^eet wilt act upon the wholwsarfiuee of a float whose height 
Is thre|™ches{.aad, conseqaently, were the float ‘no higW 
^n the tldok^B of the sheqt of water, as the theory also 
Sup^osesi, a great part of the rorce would have been lost by 
the water dashing over the float. 

Mr. Smeatcfii next proceeds to ^re tables of the relocities 
of wheiris with difihrent heights of water; and from the whole 
deduces the following conclusions. 

Maxim 1. That the virtual or efiSective head of water, and 
consequently ks effluent velotdtr, being the same, the me- 
chanical effect produced by a wheel actuated by this water 
will be nearlv in proportion to the quantity of water expended. 
. JVbfe. — ^The virtual or effective bead of any water which is 
moving with a certain velocity, is that height from which a 
heavy bodv must fall, in order to acquire the same velocity. 

The height of the virtual head, *^herefore, may be easily 
determined from the velocity of the water; for the heights 
are as the .square of the velocities, and the velocities, conse- 
quently, as the square roots of heights. Mr. Smeaton 
observed the velocity of the effluent water in aU his experi- 
ments, and thence iMculated the fiitaal head : he states, that 
the virtttid head bears no proportion to the real head or depth 
of water; but that when eiuer the aperture is greater, or 
when the velocity of the water issuing therefrom less, they 
appRNUih nearer to a coincidence ; and consequently, in the 
hum openings of mills or sluices, where great quantities of 
wKer are discharged from moderate heads, the actual head 
of water, and the virtual head, as determined by theory from 
the velodty, will nearly agree. 

For example of the application of his first maxim . Suppose 
a mill driven by a fitll of water whose virtual head is five feet, 
And which discharged 660 cubic feet of water per minute, 
and that it is capable of grinding four bushels of wheat in 
an hour. Now another mill, having the same virtual head, 
but u^idi disdunges 1100 cubic feet of water per minute, 
udUjpind eig^ bushels of com in an hour. 

dutxtm 9. That the expense of water being the same, the 
efltwt' produced by an undershot-wheel will be nearly in pro- 
pOtfdMm to the hmght of the virtual or jeffsctive head. Thisls 
pidised in thej^oMdlng example. 

Mkieim 9. That the quantity of water expended being the 
sam^ tile eflhet wfll be nearly as the square of the velocity of 
the water; that is, if a mill driven by a certain quantity of 
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water, movii^ with the velocity of feet per second^ ie 
capable of grinding four buebels of com in an hour, anomec 
miU, driven by the same quantify water, but moving with 
the velocity of 22\ feat per second, wiil grind nea^ seven 
bushels of com in an hour; because the square of 19 is ^4, 
and the square of 22| is 5061. Now, say, as 3S4 is to 4 
bushels, so is 506^ to 6k bushels; that is as 4 to 6f. 

Maxim 4. The aperture through which the watm issues 
being the same, the effect will be nearly as the cub^(^ the 
velocity of the water issuing; that is, if a mill driven by water 
rushing through a certain aperture with the velocity of 18 feet 
per second wiU grind four bushels of com in an hour, another 
mill, driven by water moving through the same aperture, but 
with the velocity of 22^ feet per second, will grind 51 bushels; 
for the cube of 18 is 5832, and Ihe cube of 22^ is 11390}; 
then as 5832 is to 4, so is 11390} to 7}> 

Maxim The proportions between the power of the 
water expended, and the effect produced by the wheel, were 
3 to 1. Upon comparing several experiments, Mr. Smea- 
ton fixed the proportions between them for hurge works; 
that is, it the weight of the water which is expended in any 
given time be multiplied by the height of the rail, and if the 
wright nused be also mult^lied by the height throiq;h which 
it is raised, the first of these two products will bp tl^o times 
that of the second. 

M€unm 6. The best general proportions of velocities! be- 
tween the water and the floats of the wheels will be titat of 
5 to 2; for instance, if the water when it strikes the 
wheel moves with a velocity of 18 feet per second, the whfol 
must be so loaded that its float-boards will move with a 
velocity of 7*2 feet per second, and the wheel will then 
derive the greatest power from the wfiter, because as 5 to 
18, BO is 2 to 7,2. 

Maxim 7. There is no cevtaun ratio between the load that 
the wheri will carry when produdng its maximum <A elhct, 
and the load that will totally stop it; but it approadiea 
nearest to the ratio of 4 to 3, whenever the power ex- 
erted by the wheel is greatest, whether it arise from an 
increase of the veloci^, or firom an increased ^wdity of 
water; and this proportion seems to be the most a{^eable 
tfhlai^ works. But when we know the dfect which a whed 
ought to produce, and the velocity it ought to move with 
wlmst pnraucing that effect, the exact knowledge of the 
greatest load it will bear is of very little consequence in 
practice. 
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JIfiaxim 8 . The load that the wheel ought to hAiM^ in order 
to work to the most advantage^ can be amys assigned thus v 
ascertain the power of the whole body of water^ by multiply-^ 
ing the wdght of the water extended in a minute by the 
h<^t of the fidl; take one-third of the product^ and it gives 
die eflbct of power which the wheel ought to produce: to 
find the load^ we must divide this product by the velocity 
which the wheel should have^ and that, as we have before 
settled, should be two-fifths of the velocity with which the 
water moves when it strikes the wheel. 

In the application of these principles the first thing to 
be done in a situation where an undeiihot-wheel is intended 
to be fixed, is to consider Whether the water can run 
off clear from the wheel, ^ so as to have no back-water to 
imp^e its motion j and whether the fall which can be 
obtained by constructing a proper dam to pen up the 
water, and sluice for it to pass through, will cause it to 
strike the float-boards of the wheel with sufficient velocity 
to impel them forcibly forwards 5 and also, whether the 
quantity the supply will be sufficient to keep a wheel 
at work for a certain number of hours each day. 

When we have ascertained the height of the fall of water, 
that is the height of the surface above the centre of the 
opening of the sluice, we must find what will be the con- 
tinual velocity of the water issuing from such opening. 

In some cases, we have the velocity of the water given 
when it issues from the opening of the sluice, and we 
then require to know what height of column will pro- 
duce that velocity. These two things we may find by a 
single rule, aqd an easy arithmetical operation, which is as 
fdlows c 

1st. The perpendicular height of the iall of uater being 
given in feet and decimals of feet, the velocity that the water 
will acquire per second, expressed in feet and decimals, may 
be found by the following rule : 

Multiply the constant number 64.2882 by the given 
height, and the square root of the product is the velocity 
required. 

Example 1. If the height is two feet, the velocity will be 
found 1 1.34 feet per second. 

Example 2. If the height is 16.0913 feet, the velocity 
will be 32.1826 feet per second. 

Example 3. * If the height is 50 feet, the velocity will be 
56.68 feet per second. 

Note ^ — ^The velocities thus obtained will ht only the theo- 
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xftie rebxillf j thaA is^ tiua vekH^t^ aay bo4y wonid a^uira 
by foiling' thiougb such hei^t m vaem; tb* relofrit^dii, 
reality be less, generally aix at aeven tentha. 

The uidfimn velocity of a fluid btang expreaaed io 
feet and dedmala of feet per aecond, the height <A the cohunn 
or fidl to produce each a velocity may be found the 
fpUowipg nue : 

Multi^y the mven velodty into itself, and divide the 
product by (>44i8&j the quotient will be the hdghtrequirQ^ 
expressed in feet and deciiAals. 

Example 1. If the velocity given is three feet per second, 
the height will be 0.13i)^f a loot. 

Example 2. If the velocity given is 32.1Si6 feet per 
second, the height will be found 16.0913 feet. 

Example 3. Let the velocity ba 100 feet per second, 
the height will be 155.694 feet. 

The knowledge of the foregoing particulars is absolutely 
necessary for constructing an undershot water-wheel; but the 
most advantageous method of setting it to work, and to And 
out the utmost it could perform, would be veiy difficult, if 
we were not furnished with the maximum which. Mr. Smeaton 
settled, by showing, that an undershot water-wheel will act 
to the greatest advantage when the velocity of its float-boards 
is equal to two-fifths of four-tenth parts of that of the w'ater 
which {pves it motion. 

lambkrt’s Watkk-whbri.. 

In 1819, Mr. Lambert, of Prince’s-street, Leicester-square, 
obtained a patent for an improvement in the water-wheel, 
which he thus describes : 

** My improved water-wheel, as shown in fl^s. 85, 86, and 
87, represents the paddles standing in a vertical position to 
the sur^e of the water through which they are to pass, and 
in whatever situation or din^on the wheel either rests or 
moves, the paddles preserve tlie same vertical position. 
The mat advantage derived from the paddles of a water- 
wheel entering and quitting the water through wluch such 
wheel revolves in a perpendicular direction, has long been 
admitted to be a most important and desirahle measure in 
that daas of water-wheels known and called by enapius*^ 
uudenhot-wheels, either for water-mills or for navigalm pur 
poses. The benefit of working the paddles of such wheels 
ui a vertical position is not only the superior hold and pnessure 
which the water takes on the paddles or floats ofsuch wheels, 
but the very little back-water which they create on leaving 
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it. The principle of this improvement is to make the lower 
paddles recede from the centre of the axle and to tim arms 
to vidiich they are attached, while the upper paddles proceed 
to the eenhre of the axle in equal distances as the others 
recede; aitd in tiie rotation the wheel, every paddle passes 
through the various evolutions and positions to whidi every 
revolution of the wheel subjects each paddle. The lower 
paddles describe a greater radius of a circle than the upper 
paddles, and thereby travel at an increased velocity, or rather 
they pass at their extreme points through a greater space in 
the same period of time; this effect renders the lower half of 
the wheel heavier tiian the upper, by the eccentric position 
of the paddles, and the fiat ring of iron to which they are 
attached, and it also increases the speed of any navifflblo 
body through the water to which such wheels are applied. 

Figs. 85, 86, and 87, are views of my improved wheel with 
one paddle, as in fig. 85, at its greatest depth in the water; 
B, B, B, B, is one of the iron arm frames to which one end of 
the paddles C, C, C, C, C, C, are attached by tiie joint-pins 
D , Df D,D, D, D, tG the arm frames B, B, B, B. ££ is the 
flat iron ring or eccentric circle, to which the other ends of 
the paddles are attached by similar joint-pins F, F, F, F, F, F. 
G G, are the iron guard or giiide-rollers, a section of one of 
which is shown at fig. 88, which may either revolve on fixed 
axles, or these rollers may be fixed on revolving axles, which- 
ever is most convenient. The object of these rdUers is, to 
keep the iron circle £ £ in its proper situation, which is an 
equal distant position from the centre of the wheel-shaft in a 
lon^tudinal direction, and eccentric in a vertical position to the 
shaft A. These rollers must be placed apart from each other, 
a distance exactly equal to the diameter of the iron circle 
consequently the rollers GG mtast be placed in a line 
through the centre of the circle £ £ and which trill allow 
this circle to rub and give motion to the rollers G G, at the 
speed it revolves. The circle £ £, forms an eccmitrie eburse, 
while it rubs on every part of its periphery against the rollers 
G G. Hiis circle E JS may be formed wiw teeth like Ike rim 
of a cog-wheel, and in that case the rollers G G may either 
one or both of them be formed into spur pinions to fit the 
teeth of the circle £ £, which would be a quick and simple 
mode for my improved water-wheel to work machin^. 1 
sometimes use two flat, hardened steel springs, as shown h» 
fig. 89, instead of the rollers G G, to keep the circle E £ in 
its proper jilace; and in certmn situations they will be found 
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to answer very well. Great care must be taken to make the 
joint pin-holes in the iron frames B, B, B, exactly an eqmd 
distance apart from each other; and it must also be observed 
in piercing or dnlUng the joint pin-holes in the circle ££, 
that they correspond with the holes made in the arm frames 
B. It will be always advisable to drill both the 
arm frames, B, B, B, B, and tne circle £ E, together, that the 
joint pin-hples in all three may correspond exactly with each 
other, and particularly from the centre of each. Thejoint 
pin-holes, in the pad^e-plates or Boats, should also be made 
to correspond with each other; and it is the distance of the 
boles from D to F in the paddles C C, as shown at fig. 90, 
which determine the eccentricity of the course of the iron 
ring ££; and it is by connecting these paddles at D to the 
arm frames B, B, B, B, and at F to the ring £ E, which in 
the rotation of the whole by the axle A, and by keeping the 
circle £ E in its proper situation as before described, either 
by the rollers G G, or when the springs H H are substituted 
for the roUers, that the paddles always preserve a vertical 
position to the surfitce of the water, and which cause the 
upper paddles to approach, whilst the lower paddles recede 
from the centre of the axle A. Mg. 86 represents a view of 
the wheel combined with all the paddles connected to both 
frames of the wheel, with the iron ring or circle £ £ placed 
in the middle of the frames and between the sides of the 
paddles, with the joint-pins in their proper places, with the 
two lower paddles at their most extended distance firom the 
centre of axle A, whilst the two upper paddles are brought 
to their nearest situation to that axle; the joint-pins most 
either have nuts and screws, or other proper fastenings, to 
keep them in their several places, or split keys, the latter of 
which 1 decidedly prefer. The axle A must be properly 
placed and secwed in the iron frames B, B, B, B, in any of 
the ordinary modes which an experienced and skilful workman 
will adopt. T^he number of sets of paddles or Boats for any 
one wheel must be determined according to the magnitude 
and duty of such wheel; it is the general construction and 
combination as described, which constitute my improved 
wheel, and not the number of the paddles or Boats, or their 
magnitude. 1 should^ however, never recommend less than 
six sets of paddles or Boats to be combined in any wheel 
madft on the plan of my improved wheel, although 1 am aware 
it would act with a less number, but not so advantageously. 
The same letters in figs. 85, 86, and 87, represent the same 
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parts in either of these hgures, and as for as anv of the siinilar 
parts are shown in figs. 88^ 89^ and 90, the letters and 
characters also distinguisb vsrm. 

^ TH£ OVJfiRSHOT-WHSBL. 

This wheel consists of a frame of open buckets^ placed 
round the rim of a vertical wheel, to receive the water 
from a spout placed over it, so that the buckets on the 
one side shall be always loaded, while those on the opposite 
side are empt^* The loaded side will of course descend, 
and the wheel in its revolution will bring the empty buckets 
under the spout, to be in their turn filled with water. 

The principal thing to be attended to in the construction 
of this wheel is to have the buckets of such a form as will 
retain the water along the greatest circumference of the 
wheel : and as this is a thing not easily to be accomplished, 
numerous contrivances have been resorted to by mill-wrighta 
to determine the best possible form. 

Fig. 91 is the outline of a wheel having 40 buckets. The 
ring of board contained between the concentric circles QD S 
and PAR, making the ends of the buckets, is called the 
shrouding, and Q P the depth of slirouding. Tbe inner circle 
P A R is called die sole of the wheel, and usually consists of 
boards nailed to strong wooden rings of compass timber of 
considerable scantling, firmly united with the arms or radii. 
The partitions, which determine the form of the buckets, 
consist of three different planes or boards, A B, B C, CD, 
which are variously named by different artists. We have 
heard them called the start or shoulder, the arm, and the 
wrest: (probably for wrist, on account of a resemblance of 
the whole line to the human arm:) B is also called the 
elbow. 

Fig. 92 represents a small portion of the same bucketing 
on a larger scale, that the proportion of the parts may be 
more distinctly seen. AG the sole of one bucket is made 
about I- more than the depth G H of the shrouding. The 
start A B is ^ of A [. The plane B C is so inclined to A B 
that it would pass through H ; but it is made to terminate in 
C, in such a manner that F C is iths of G H or A I. Then 
C D is so placed that H D is about i-th of I H. 

By this construction it follows diat the area F A B C is 
very ncATy equal to D A B C; so that the water which will 
fill the space F A B C will all be contained in the bucket 
when it snaU come into such a position that A D is a hori- 
aontal line; and the line AB will then make an angle of 
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35^ with the vertical^ or the bucket will be 36^ horn tine 
perpen^cular, passing through the axis of motion. If the 
bucket descend so much lower that one half of the water ruM 
out, the line A B will make an angle of 25^ or 24^ nearly 
Mdtli the vertical. Therefore the wheel, filled to the degree 
now mentioned, will begin to lose water at about -frth of the 
diameter from the bottom, and half of the water will be 
discharged from the lowest bucket, about -rVth of the diame- 
ter further down. Had a greater proportion of the buckets 
been filled with water when they were under the spout, the 
discharge would have begun at a greater height from the 
bottom, and we should lose a greater portion of the whole 
fall of water. The loss by the present construction is less 
than Ttrth, (supposing the water to be delivered into the wheel 
at the very top,) and may be estimated at about -fg-th ; for the 
loss is the versed sine of the angle which the radius of the 
bucket make with the vertical. The versed sine of 35^ is 
nearly i^th of the radius, being 0.180B5, or •fvth of the dia- 
meter. It is evident, that if only ^ of this water were supplied 
to each bucket as it passes the spout, it would have been 
retained for 10° more of a revolution, and the loss of &Il 
would have only been about Vvth. 

These observations serve to show in general, that an 
advantage is gained by having the buckets so capacious that 
the quantity of water which each can receive as it passes the 
spout may not nearly fill it. This may be accomplished by 
making them of a sufficient length, that is, by making the 
wheel sufficiently broad between the two shroudings. 

Mr. Robert Burns, of Cartside, in Renfrewshire, has made 
what appeared to be a very considerable improvement in the 
construction of the bucket. The principle of this improve- 
ment consisted in dividing the bucket by a partition of such 
a height, that the inner and outer portions of the bucket on 
each side were nearly of equal capacity. See fig. 93. The 
bucket consisted of a start A B, an arm B C, and a wrest C D, 
concentric with the rim, and was divided by the partition LM, 
concentric with the sole smd rim. If these buckets be filled 
ane-tiurd, they will retain the whole of the water at 18% and 
half at 11% from the bottom. These advantages how- 
ever were found to be counterbalanced by disadvantages ; and 
Mr. *Buma did never, we believe, put the construction in 
praetk^. 

The velocity of an overshot- wheel is a matter of very great 
nicety; and authors, both speculative and practical, have 
arrivra'at very different concluaiona respecting it. 'M. Be- 
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lidoi very straogdly that there is a certain vdocite 

rdated to that obtdnable by the whole hdl, which wiU 
mocure to an ovenhot>wfaeel the greateet performance. 
Deeaguliersy Smeaton^ 'Lambert, De Parcieux, and othen, 
maintaib, that there is no such reladon, and that the ^rform- 
ai^ of an orershot-wheel will be (he greater, as it moves 
move alowly by an increase of its load of work. Belidor 
again states, that the active power of water lying in a buoket- 
sroeel of any chmneter is equal to the impulse of (he same 
water on the floats of an undershot-wheel, when the water 
issues firom a sluice in the bottom of the dam. The other 
writers whom we have named assert, that the energy of an 
undershot-wheel is but one half of that of an overshot, actuated 
1^ the same quantity of water falling from the same height. 
The most generally received opinion is, that the overshot- 
Wheel does the more work, as it moves slower; and the 
following is the reasoning adduced to prove it. Suppose 
that a whed has 30 buckets, and that six cubic feet of water 
are delivered in a second on the top of the wheel, and dis- 
charged, without any loss by the way, at a certain height 
from the bottom of the wheel. Let this be the case, whatever 
is the rate of the wheel’s motion, the budgets being of a 
sufficient capacity to hold all the water which fidls into them. 
Suppose this wheel employed to raise a weight of any kind, 
water for instance, in a chain of 30 buckets, to the same 
altitude and with the same velocity. Suppose, further, thaf 
when the load on the rising side of the machine is one hall 
of that on the wheel, the wheel makes four revolutions in a 
minute, or one turn in 15 seconds. Puring this time 90 
cubic feet of water will have flowed into the buckets, and 
each have received three cubic feet. In that case eadi of (he 
rising buckets contiuns H feet; 'and 45 cubic feet are deli- 
vered into the upper cistern during one turn of the whed, 
and ISO cubic feet in one minute, 
blew, suppose the nwchioe so laaded,by making the rising 
buckets mon capacious that it makes only two turns in a 
minute, or turn in 30 seqpnds; then each descenffing 
bucket must contaiu six. cubic feet of water. If each bucket 
on the rising side contained three cubic feet, the motion of the 
maiehjne would he the same aa before. Thia is a mnt none 
wiQ coqlKovert. When two pounds are suspend to one 
ea4 of *a atring whuh passes over a pulley, and one pound to 
the othee end, the vdocUy of descent of the two.pounda wfll 
bp the name with that of a four pound weight, which is 
'employed in the same meoner to draw up two pounds. Our 
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machine would therefore continue to make four turns in a 
minute, and would deliver 90 cubic feet during each turn, 
and 360 in a minute. But, by supposition, it is making only 
two turns in a minute ; which must proceed fvom a greater 
load than three cubic feet of rising water in each rising 
bucket. The machine must^ therefore, be raising more than 
90 feet of water during one turn of the wheel, and more than 
180 in a minute. 

Thus it appears that if the machine is turning twice as 
slow as before, there is more than tioice the former quantity 
in the rising buckets ; and more will be raised in a minute Dy 
the same expenditure of power. In like manner, if the 
machine go three times as slow, there must be more than 
three times the former quantity in the rising buckets, and 
more work will be done. 

But further we may assert, that the more we retard the 
machine to a certain practical extent, by loading it with more 
work of a similar kind, the greater will be its performance ; 
and the truth of the assertion may be thus demonstrated. 
Liet us call the first quantity of water in the rising bucket, 
Q; the water raised by four turns in a minute will be 4 x 30 
X Q ss 120 Q. The quantity in this bucket, when the ma- 
chine goes twice as slow, has been shown to be greater than 
2Q; call it 2Q + a*; the wafer raised by two turns in a 
minute will then be 2 x 30 x (2 Q -f x) = 120 + 60 x. 
Suppose next, the machine to go four times as eiow, making 
but one turn in a minute; the rising bucket must now 
contain more than twice the quantity 2 Q + or, or more than 
4 Q + 2 A*, call it 4 Q + 2 or + y. TTie work done by one 
turn in a minute will now be 30 x (4Q + 2ar + y) = 120 
Q -h 60 AT + 30 y. ^By such an induction of the work accom- 
plished, with any rates of motion we choose, it is evident 
that the performance of the machine increases with eveiw 
diminution of its velocity that is produced by the mere adtll- 
lion of a similar load of work, or that it does the more work 
the slower it goes. This, however, is abstracting from the 
effects of the friction upon the gudgeons of the wheel, a 
cause of resistance which increases with the load, though 
not in the same ratio. 

We have also supposed the machine to be in its state of 
permanent uniform motion. If we consider it oi^ in l!he 
tteginning of its motion, the result is still more in &your of 
slow monon t for, at the first action of tihe moving power, 
Utertiaof the machine itself consumes part of it, and It acquires 
ito permanent velocity by degrees, during which the resist- 
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Mice, arising from the work> friction, &c., increate, tiUibey 
exactly ludance the pwssure the water; and after this the 
machine no longer acceleKateB. Now, the greater the power 
and the reaistMice arising from the worit are, in propwtion 
to the inerria of the macmne, the aooner, it is ohrious, will it 
anise at'its state of permanent relodty. 

Ute Receding discussion only demonstrates in general the 
advantage of slow motion; but does not point out in any 
degree the relation between the rate of nu>ti<m and the work 
performed, nor even the principles on winch it depends. But 
this is not necessary for the improvement of practical me- 
chanics. It is, however, manifest, that there is not, in tiie 
nature of things, a maximum of performance attached to any 
particular rate of motion which should, on that account, be 
preferred. All, therefore, that we have to do, is to load the 
macUne, and thus to diminish its speed, unless other physicid 
circumstances throw obstacles in toe way: for there are such 
obstacles, as in all machines there are certain inequalities of 
action that are unavoidable. In the action of a wheel and 
pimon, though made with the utmost judgment and care, 
tiiere are such inequalities. These increase by the changes 
of form occasioned by the wearing of the machine ; and much 
greater irregularities arise from the subsultory motions of 
cranks, stampers, and other parts which move unequally or 
reciprocally. A machine may be so loaded as just to be in 
equilibrio with its work, in the fovourable position of its 
parts : and when this changes into one less fovourable, the 
madiine may stop, or, at all events, hobble and woric un- 
e<pially. The rubbing parts thus bear long on each other, 
with enormous pressures, cut deep into each other, and 
increase friction: therefore such slow motions should be 
avoided. * A little more velocity enables the machine to over- 
come those increased resistances by its inertia, or the great 
quantity of motion inherent in it. Great machines possess 
tois advantage in a superior degree, and, consequentiy, will 
work steadily with a smaller velocity. 

Mr. Smeaton, in his Experimental Inquiry, previous to 
evamining into the power and appltcatioq,of water, when 
acting by its gravity on overahot-whetb, says, ** In reasoning 
without experiment, one i^ight be led to imagine, that how- 
ever different the mode of application is, yet that whenever 
tiu same quantity of water descends tirough the same per- 
pflodicubr space, that the natural effective power would be 
emalf sunposing the machinery free from friction, equally 
dHcnlated to recrive tiie full eff^ of the power, and to make 
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the mosfi of it: for if we suppose the of a column of 
ieat(W to be 30 inches, and restiv^ upon a base or aperture 
one inch square, every cubic inch of water that departs tfiere- 
from will acquire the same velodty car momentum, from the 
uniform pressure of 30 inches above it, that mie cubic inch 
let fall from the top will acquire in foiling down to the ttVel 
of the aperture: one would therefore suppose, that a 'cubic 
inch of water, let foil throu^ a space of 30 inches, and there 
inqpinging another body, would be capable of producing 
an equal effect by collision, as if the same cubic inch had 
descended through the same space with a slower motion, and 
produced its effects gradually. But however conclusive this 
reasoning may seem, it will sqipear, in the course of the 
following deductions, that the effect of the gravity of descend-* 
ing boifies is very different firom the effect of stroke of such 
as are non^elastiCf though generated by an equal mechanical 
power.” 

When Mr. Smeaton had finished his experiments on under- 
plot mills, he reduced the number of floats on the wheel, 
^Piich were originPly 24, to 12; which causeda diminution in 
the effect, on account of a greater quantity of water escaping 
between the floats and the floor: but a circular sweep being 
adapted thereto, of such a length, that one float entered the 
curve before the preceding one quitted it, the effect came so 
near that of the former, as not to give any hopes of advanc- 
ing it by increasing the number of floats beyond 24 in this 
particular wheel. * 

In these experiments the head was six inches, and the 
height of the wheel 24 inches, so that the whole descent was 
30 inches : the quantity of water expended in a minute was 
96^ pounds, which, multiplied by 30 inches, gives the power 
ss 2SKX). After m&ing the proper calculations, the effect was 
computed at 1914; the ratio therefore of ihe power and effect 
will be as 2900 : 1914, or as 10 : 6.6, or as 3 to 2 nemy. 
But if we compute the power from the height of the wheel 
only, we shall have 9^ pounds, multiplied by 24 inches 
as i320 for the power, and this will be to effect as 
2320 ; 1914, or^ 10 : 82, or as 5 to 4 nearly. 

From another set of experiments the following conchisiMe 
were deduced: ^ 

1. Tbe effective power of the water nnist be redconed 
upon the whole descent, beeause it must be raised that 
height in order to produce the some effect a second tiiM 
The TStioB between the powers so estimated, and the^effeols 
ah the maximmn, differ nearly from that of 10 to 7 A, to that 
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of <1Q to 5J2f tjliat is peiiriy, from 4^ to 4Si. In those expe- 
(htients whfhre^^l^ neada of ‘Water and quantities expeuaed 
aiM, ’ the '^ic^ettiOn la n^y as 4 ^ 3 ; but where the 
hMd(^,an4 ' 9 \W'Utie 8 are greatest, ft approaches neairelr tb 
K 4’^. and by a metfium of the whole, the ratio is 
to%c^ip* W 3 tvearly. Hence it' i^eara,. that tite ^iEhet of 
oirqnpj^^^e^ is nearly double to that of tiie'imdetshot, 
ponsemesice, that non>e1astic bpdlea, when acting 


CQncjiaBion {s, that the effects, as wdl as the powers, are as 
t% ouaoitiiiee of water and perpimdicnlar heights miutipUed 
tog^er ^ipectively. 

By increanng the head from 3 to 11 inches, that is, the 
whme descent from fi7 inches to 35, or in the ratio of 
7 to 0 nearly, the effect is advanced no more than in the 
ratio of 8.1 to 8.4, that is, as 7 to 7>28> and copsequmitly 
tiva increase of effect is not one-seventh of the increase of 
peigpendicnlar height. Hence it follows, that the higher the 
>vhjeql is in proportion to the whole descent, the greater will 
^ fhe effect ; because it depmids leas upon the impulse 01 * 
the head, and more upon the gravity of the water in the 
buckets: and if we consider how obliquely the water issuing 
fipiq the bead must strike the backets, we shall not be at a 
losf to account for the little advantage that arises fixnn the 
impulse thereof, and shall immediately see of how little con- 
SMuenee this impulse is .to the effect of an overshot-wheel. 

however, like other things, is subject to limitation, for 
itjia d^irable that the water should have somewhat greater 
velocity than the circumference of* the wheel, in coming 
Aereoni oti^rwipe the wheel will not cmly be retarded by 
"*'1 bw^ets striking the water, but a portion of the power 
bji lost by the water dashing over the budeets. 

determine the velocity which the drcumference ol 
tl^^tfheel ought to have in order to produce the greatest 
^9»^]llr. Smeaton observes, that the slow^ abody descends. 


the greater will be the effect. If a stream of water falls into 
thti tadict of mt qv^Fsho/Uwheel, it is there retdned till 

S wh^ by moving round discharges it, and consemientiy 
.akrtrev ^ wheel moves, the amre water each bucket 
,ieceiii^: so Jthat what is Ipst in spee^ is gaiped by tiie 
pfossure m a greater quaptity of water acting in tiie bpimets 
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at once. From tl^e exTO&nente, bovfe^'ar, it t|^ 

when the wheel made tfbout 20 tnros w a minute^ the ,eileet 
^8 near upon the gt^atest. When it made |K> toiM, the 
(Spr^t was diminibhed about iWth part; an^ that it 

made 40, it was diminished about i; when it.mad^ IfM nian 
W*. it^ motion was iiremlar; and when it wfu^ m as 

not to admit its making 18 turns, the wheel was ove^#ered 
its load. It is an advantage in phiotice. thaitHe^^^elopftjr 
ottiie wheel should not be diminished fuit^ than pso- 
eure/some solid advantage in point of polsrer, because taf^ris 
pdriius, as the motion is slower^ the buckets musti^Ve npAde 
larger^, and the wheel being more loaded wkh water, the 
stress upon every part of the work will be increased in wo* 
portion. The best velocity for practice, thciHsfore, will be 
such, as when the w'heel made 30 turns in a minute, that is, 
When the velocity of the circumference is a little more* than 
three feet in a second. Experience confirms that this velo* 
eity of three feet in a second is ^ applicable to the highest 
overshot- wheels, as well tis the lowest; and all other parts of 
the work being properly adapted thereto, will produce very 
nearly the greatest effect possible ; ft is also determined by 
experience, that high wheels may deviate further from this 
rule, before they will lose their power, by a given aliquot 
mrt of the whole, than low ones can be admitted to do. 
For a wheel of 24 feet high may move at the rate of six feet 
per second without losing any part of its power; and, on 
the other hand, the author had seen a Vheel of 38 feet high 
that moved very steadily and well, with a velocity but litue 
exceeding two ieet. The reason of the superior velocity of 
the 24 feet wheel seems to have been owing to the small 
proportion that the bead, requisite to give the water the 
proper velocity of the wheel, l^ars to the whole height. 

’4. The maximum load for an overshot-wheti, is that wUdi 
reduces the circumferences of the wheel to its proper^Y#lo<tty ; 
which will be known by dividing the effect H ougltt teWn)- 
duce in a given time, by the space intended to de^m^cd 
by the circumference of the wheel in the same timC} the 
quotient will be the reshstanee overi^DiheatthecircumfeiMlihse 
of the wheel, and is equal to the load reqniVed, thefirUHote 
and resistance of Hie machinery induded. 

5. The greatest velocky 

bvershot^wheel Is capable, ‘dte^nds jdiiMIy bpon the dh^m^r 
of the heigjit of^he wheel, and ihe-yelcmy of 

it is plain that the velocity of the ciMuntfhrieude^'hfa 
mever be than to describe a 
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»b^e a b94y let foil foom the top of tha w))#al wiU deieend 
Ifo diameteri nor even quite ao great, ee » IxMCly 
deaoeadiiw ttoon^ the same prpen^icular space cannot 
petfenn thie same In so email a tune when passing ihvMujh • 
gemit^iinle as wo^be done in a peipen4ieular 
if a is 16 feet one inch in diameter, a body wUl foil 
thmm^ ^ second: this prheel therefore can never 
eniva sd * hel<x^ equal to the insklTy one tu^n in two 
aeoopds; hat, in reality, an overshot-wheel can neve^ come 
iMnr foil velodiv; for when it acq^res a eerta^ H*sed, tiie 
greatest part of the water is prevented from entoing the 
hncketSf and the rest, at a certidn point of hs descent, is 
thrown out again bjr the centrifugal force. As these dvcum- 
Stances depend chiefly upon the form of the buckets, the 
utmost velocity of overshot-wheels cannnot he generally 
determined; and, indeed, it is the less necessary in practice, 
as it is in this drcumstance incapable of producing any 
medwnical effect. 

6. The greatest load an overshot-wbeel will overcome, 
considered abatsactedfy, i%aDlihiited or infinite; for as the 
buckets may be of any given capacity, the more the wheel is 
loaded, the slower it turns, but the slower it turns, the more 
wUl the buckets be filled with water; and, consequently, 
tthongh the diameter of the wheel uid quantity of water 
expended are both limited, yet no resistance can be asugned, 
which it is not able to overcome ; but in practice we always 
meet with something that prevents our getting into infinitesi- 
mals. PoV vriiCn we really go to work to build a wheel, the 
buckets must necesaarily be of some given capacity, and 
consequently such a resistance will stop the wheel, as it is 
equfd to the j^ort of all the buckets in one semi-drcum- 
ferenQS filled with water. The structure of the backets 
being given, the quantity of tins effort may be assigned, but 
is not of much consequence in practice, as in this case also 
the wheel loses its power; for tiiough here is the exertion 
cl gicavity upon a g^ven quantity of water, yet being pre- 
vented by a counterbalance from moving is cwable of 
iModaring no mechanical effect, according to our definition. 
Bpti in rehUty, an pvershoUwheel geueiwy ceases to be 
before w is loaded to that for when it meets 

with auch a neri^ance as to dinuniu nS veloidty to a certain 
demqie,'it8 motic^. becomes irregidar j yet this never happens 
yelpcity pf ifoe cbcumferenre is less than two feet per 
second, where the resistance is equable. * 
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llie reader having uov become acquainted with the valu- 
able course of expeiimmts made by ifr. Smeatoi^ wa shtfll 
nert offer to his notice a few remam upon the beat mode bf 
delivering water upon an overshot-Wheei. ' 

In wheels of tins construction, it has been, and still is, the 
common practice, to allow the water to fow into the buOkets 
at the highest pomt of the whed ; but this systenl is deci- 
dedly bad; for the cmtre of gravity of the vtpfei budcet is 
direc^ over the aide of the wheel, and, conseqttentlf^ any 
water poured into that bucket will, instep of creatiitg a tota- 
tory motion, cause a ereater pressure upon the pivots of the 
axle. The greatest advantage would be obtainM by causing 
the water to fall upon the wheel, at ao angle Of 42|| or 
45 degrees, as then the power of the wheel will bO aug- 
mented by the increased leverage. In constructing wheds 

X n this principle, however, great care must be taken to 
w a sufficiency of room in buckets for the escape of air, 
otherwise the wheel will not act. The same observation is 
dso applicable to breast-wheels ; for we were once present, 
and witnessed an instance of thilffikind, at the first starting 
of a breast-wheel, in which the millwright, in order to ob- 
tain the greatest possible effect, had made the back-boards 
to fit so tight that no water or air rould escape ; the conse- 
quence of which was, the necessity of redudn^j the whole of 
the back-boards, to allow air enough to escape for the water 
to act freely ujrou the floats. 

burn’s overshot WHEEl. WITHOUT A SHAFT. 

This ingenious machine was invented and erected by the 
lute Mr. Bums, whose mechamcal ingenuity we have already 
had occasion to adm&e. It is represented in two differeht 
sections, in figs. 95 and 96, and forms R large hoUow cylinder 
bjr its buckets and sole, without having any shaft or axle-tree. 

This wheel is 12^ feet diameter, and seven feet broad dver 
ail, and has 28 buckets. The gudgeon is 6 inches ffiameter, 
by 9 itaches long. Ihe flaunch is inch thick at fh^ex- 
treme points, ^e arms are of redwood fir, 6 inches square ; 
one piece making two arms in length, where thdy dross one 
anomer at the wmeel’is centfe, 1^ inch of the wood'renudi^g 
in each, connecting *11^ two opposite amis as one piece. The 
wheels was made by first fitting the gudgw mto a laigO 
piece of hard wood, with the flaunch fsatSm to the horieonl 
and' in tkat position the arms and rings were trained and 
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bound faat to it. All the grooves for starts or raisers, and 
buckets^ were cut out before it was removed; first one piece 
was bolted to the flaunch at a a, and so oi the others, leanng 
the distant openings for the cross bars that reach between 
each arm and its opposite arm. These bars^ or pieces, were 
only 4 inches square, and were of good beech wood, turned 
round in the body. They were 10 inches square at each end, 
in which was fitted a strong nut for a bolt, 1^ inch thick, to 
go through 6, and connect the two sides together. 

After the arms were trained and fixed right upon the gud-* 
geons, the innermost ring was completed; the tenoiib were 
trained on the arr s first, and the rings 4^ inches thick and 
8 inches deep, put on by keys driven into the mortice. The 
remaining tenons were then reduced from 1 ^ to 1 inch thick, and 
the outermost ring, only 3 inches thick by 6 inches deep, was 
firmly wedged thereon, and bound fast at the other ends by three 
strong wooden pins, as at C C; to the lower ring, the outside 
of the uppermost and undermost rings are flush, all the addi- 
tional thickness of the lower ring projecting inside the buckets. 

Some difficulty was found in laying the water properly 
into the buckets of this wheel, owing to the ^^arrowness of 
the mouths of the buckets, by the high start or raiser, which 
was remedici^ by ac^opting the following plan. 

The openings in the bottom of the truughing should be of 
iron, and so distant from each other that the water from 
them is thrown into two separate buckets. The iron curved 
parts should also be movanle, to adjust the openings to the 
quantity of water ntceasary for the wheel. Unless the head 
of water is 12 or 14 inches above these openings, it will be 
difficult to give it the proper direction into the buckets, 
especially if th^ openings are pretty wide for them ; for then it 
deviates the more down from the line of direction, and tends 
to retard the wheel, by striking on the Outside of the bucket. 

The openings from which the buckets are filled, ought to 
oe 10 inches less in len^h than the buckets, t. e. five inches atT 
each side, otherwise the water is apt to jerk over on each 
bide of the wheel, as the edges of the bucket pass by. 

The mode of making and finishing the wheel at Cartside 
requires very little workmanship, compared to the usual 
method; and any good joiner will do it as well as a mill- 
wright. The jomer finished Cartside wheel in six or seven 
weeks. The construction will be better understood from the 
following reference to the figures. 

Fig. 95 represents three distinct transverse views. The part 
marked A supposes a pait of the shrouding in section, showing 
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the pins } the patt mariced B is a s'ectfdn of the wheel tbrou^ 
any part of the buckets, and showing three of the lbs, S, 

in section. Part D shows the manner in 
ends of the wheel are finished, also the gudgeons, Atmfich,, 0bc. 

Fig, 9018 a longi£udiiiaf aection of the wheel 
the arms, showing the projection of the shroudbijr, wlnatn^ 
in which the arms of the wheel are connected together, and 
wise ^e manner in which the ties are connected to the gudgecii. 

(HAIN OF BUCKETS. 


This is applicable in many situations where there is a 
considerable fall of water. This sketch was taken firom Oije 
in Scotland used to giv<^ motion to a thrashing inill:^e 
6g« ^ is so obvious as to need little explanation. 
buckets C, D, G, H, &c. must be cpnnected by several 
chains to avoid the danger of breaking, and united info an * 
endless chain, which is extended oyer two wheels A and B, 
the upper one being the axis which is to communicate motion 
to the mill-work; E is the spout to supply the water. The 
principal advantage of this plan is, tliat no water is lost by 
running out of the buckets before they arrive at the fewest 
part, as is the case with the wheel. Another is, that the 
Duckets being Suspended over the wheel A of small diameter, 
it may be made to revolve more quickly than a wheel of 
large diameter, and without increasing the velocity of the 
descending buckets beyond what is jumper for them. This 
saves wheel-work when tfie machine iS to be employed, as in 
a thrashing machine, to produce^ a rapid motion. Chi the 
other hand, the friction of the chain in folding over the wheel 
at the top, and seizing its cogs^ will be very considerable ; 
these cogs must enter the spaces in the open links between 
the buckets, to prevent the chain slipping upon the upper 
wheel. We think this machine might be mticn improved by 
•contriving It so that the chain would pass through the centre 
of gravity of each bucket, tdiereas in the present fi>rm, the 
weight of each bucket tends to give the chmn an extra bend. 


chmn^ump tever^d^ has been proposed as a substitute 
fof a water-wheel when the fidl is very great, and we think 
it would answer the purpose with some chance of success. 
It would have an advantage over the chain-pump when em- 
ployed for raising water, in the facility m applying Clip 
fbathers^to the pistons on the chain, in the same way aS other 
pumpsji which leathers expand themselves to the inside of 
thfr D^el, and are kept perfectly tight by the pressure of 
rae water, in the cnain-pump such leathers cannot be 
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Mqriognid^ btOMflii the edges el tike leather eiqps woidd tarn 
iamn ehd stof the luotioti^ when the cups were drawn 
npwnrtft into m banreL It in the defective mode of leather* 
iM the pietoiM of the chaiii*puiup which occasions iu great 
fifmioa. In the motion of a machine of this kind, the ptstone 
would -descend kilo the barrdi^ and uiight therefore be lea- 
thered with eupa like other pumps, so as to be quite light 
without immoderate triction^ Ih^ machine was proposed 
be a Mr. Cooper in 1784, who obtained a patent tor it> andl 
Dr. Robison again proposed^ it with recommendation. 

BRBAST-WHEBLS. 

Trb breast-wheel' partakes of the nature both of an over- 
shot and an undershot: it is driven partly by iinpuke, but 
chiefly by the w'eight of water. Ihe lower part of the 
wheel is surrounded by a Curved wall or sweep of masonry, 
which is maile coficei^ric with the wheel, pnd the floqt- 
boards of the wheel are exactly arfiipted to the masonry, 
so as to pass as near as pqpiible thereto without touching it; 
and the side walls are in liS^ manner adapted to the end of 
the float-boards or sides of the wheel, the intention being 
to let the least possible quantity of water pass without causing 
the float-boards to move before it. In fig. 98, the water is 
poured upon the top of the wheel over the breasting at I, 
the elBmK: from the mfll-dam K being regulated by the sluice 
or shuttle M, which is placed in the direction of a tangent to 
the wheel, and is provided with the rack R, and pinion P, by 
which it ean be drawn up so as to make any required degree 
of caning, and admit more or less water to flow on the wheel. 

The water first strikes on the float, and urges it by its 
impulse ; but when the flbats descend into the sweep, they 
form as it were cfose buckets, each of which will contain a 
given quantity of water, and the water cannot escape from 
these backets except the wheel moves, at least •this is the 
intention, and the wbeei is fitted as close as it can be to the 
race with that view. Each of the portions of water contained 
in these spaces bears partly upon the walbof the sweep/ and 
partly upon the flbats of the wheel ; and its pressure upon 
Ike floats, not exceeded by the resistance,' will cause the 
wheel to move; hence the action upon all file floats which 
wee witkki tfke sweep of the breasting is bjr the weight of the 
water aione ; but the water is made to impinge upon the first 
float-board with some veloGitjr^ because the surface of the 
water fai the dam K is raised considerably above the orifice 
beneath the shuttle where the water Issue* 
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■ The upper part of the fall at I is rounded off to a aepnent 
of a drcle> called the crown of the foU, and the water rum 
over it. The lower edge of the shuttle when put down is 
tn^e to fit this curve^ so as to moke a tight joint; and m 
consequence, when the shuttle is drawn up, tiie water mil 
run between its lower edge and the crown in a sheet or 
stream which strikes upon the first float that presents itself 
flesMy in a direction peipendicular to the plane of the float* 
board^ or of a tangent to the wheel# The float-boards of tlw 
wheel are directed to the centre, but there are other boards 
placed obliquely which extend firom one float-board to the 
rim of the wheel, and nearly fill the space between one float- 
board and the next. These are called rising-boards, and the 
use of them is to prevent the water flowing over the float- 
board into the interior of the wheel; but the edges of these 
boards are not continued so fiur as to join to the back of the 
next float, because that would make all the boards of the 
wheel close, (Sid prevent the free esame of the air when the 
water entered into the sjiaoe between the floats. 

As the water strikes with some force, the rising-boards are 
very necessary to prevent the water from dasmng over the 
float-boards into the interior of the wheel. 

This is the form of breast-wheel employed by Mr. Smeaton 
in the great number of mills which he constructed ; but 
although he speaks of the impulse of the water striking the 
wheel, he always endeavoured to make the top of the breast- 
ing, or crown of the fall, as high as possible; so as to attain 
the greatest fidl and the least of the impulidve action. All 
rivers and streams of wata are subject to variation in hei^t 
from floods or dry seasons, and in some this is very consider- 
able: it was therefore necessary to make the crown I of the 
fidl^ at such a height as that, in the lowest state of the water 
p.f it would run over the crown in a sheet of three or four 
inches in thickness, aqd work the wheel. When the watet 
rose higher in the mill-dam, it would then have a pressure to 
force it through, and in tl^ case would strike the wheel so 
as to impel it by the velocity, 

Mr. Smeaton was well aware that the power communicated 
by this impulse was very small. In sopie cases, where the 
water was very subject to viuiation, be used a fiilse or mov- 
able crown, (hat is, a piece of wood which fitted to the crown 
1, and raised the suifoce thereof a foot or more, so as to obtain 
the greatest fall when the water stood at a mean height;'but 
when the water sunk too low to run over this movable 
crown, it could be drawn up to admit the water beneath it. 
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ThiscffBcfe hat siiioN been produced in a more perfect manner 
b^MoaUag the crown ef the fell a movaUe shuttle, to rise 
lidl-ano<H>^feg to the hd^t of the water in the miU-^un, ^ 
whidi means the inconvenience, bdbre-mentioned is aviddM. 

lin^ySD BBBAST-WHJOU., IN WHICH THX WATBH HHNS OVBB 

* . THK SHUTTUS. 

« 

JtorllOis a section of mie of this kind. A is the water 
wfaidi is made to flow mpoa the float-board B, and urges 
the whed by its wei|^t only, tiie water being prevented 
feom escaping or floimg off the float-boards by me breast 
or sweep D D, and the side-waUs which endese the floats 
of the wheel. The upper part of the breast D D is made 
by a'cast-iron plate, cwwed to the proper swe^ to line witii 
tiie stone-wow. On the back of the cast-iron plate the 
movingshuttle e is Sf^lied; it fits close to the cast-iron so as 
to prevent the water from leaking between them, and tile 
mder runs over its upper edge. F Is an mm move m 
channel let into the masonry of the side-walls, and in tiiese, 
the ends of the sliding ahuttie are reeeived)/is an iron rack, 
wUdi is apjplied at thebadc'of the ahuttie, and aseends above 
the water-line where the pnion w is applied to It to raise or 
lower the shuttle. . The aacis of the pmion is supported in a 
frame ofwoodll, h His a toothed sector and baJimoe-wdglilL 
udaoh bears the buttle upwards, or it mfeht otherwise fell 
down by its own weig^, and put the niul in motion when 
not intended. G is a strong pla^ng, which is fixed across 
between the two nde-walls, and reudns the water when it 
rises very high, as in time of floodsi but in common times 
the water rises only a few inches above the lower edge of the 
plmkii^. When the shuttle is drawn np to touch this lower 
a^e, me water caimot escape} but when the shuttle is 
kurersd down, it opmis a space e through which. the water 
flows iqMm. the float-boards the wheel. 

Fig. Ill is a section of the most improved form for a 
breast-wheel, taken from the Royal Armoury MUls at Enfield 
Lock, erected by Messrs. Idoyd and Ostel. The general 
description of titis^ is like the fonner, but it is constructed in 
a better mannm*, and unites strength with docility. The 
breast of masonry ia surmounted by a cast-iron plate A, 
feet which is let into the masonry of the side- walls 
at jeach e^ and the lowm. part is formed with a flanch, by 
whk^it Is bolted to the stone breast at top, This plate is 
made straight at- the back for the shitttle B to lie agdnst, 
and it aUdes up and down. The ends of the gate are guided 
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by hm groove pisew ra channele irbich ere let iato tAf 
•tQn*<tr<^ 06 twe aide walto, and being made tine%»>lili^ 
M*e^ Hk fbe ends of tiie eaat-iron breast ftat in its nhie^ 
'flM grooves see hot gprighty but inclined to the perpentwrolfir 
BO muciv that the plane of the gate is at right angles to a 
'radius of the wheel 'drawn through^the point where the water 
falls upon the wheel. D is a strong plank of wood> extended 
betiroen< the iron grooves just over the shuttle. When the 
shntrie is drawn up it comes in contact with the lowee si^ 
«f thju psece of wood, and stops the water; but the pieoe D ii 
iami at' such a hdght, that the water will run cleaCtbensaA 
1^ onless its suiftce rises above its mean he^;ht. 

The float-boards of the wheel do not point to thn centN ef 
tiie wheel, hot are so much iodiaed uievcto that ttAp are 
esBBcdy hoikmfal at the pmnt where the water first floiro 
upon them, in tiiis way, the gravity of the water hen ksfidl 
effect upon th^ wheel, and the boarra rise up out of 
water in a mneh better position, than if they pointed to tfas 
centre of the wheel; this is more particidady obaervsi^ 
when the wheel is flooded by taiL>water penned up in ths 
lower pset of the race, so that it canned run fieslj away £0001 
fbe wned. Ihe dimenrions of this wheel are as iulowu 
iKameter 18 feet to the points of the flcsdis, mid 14 feel 
vride^ riie fl e a t b eards ate 40 in nuihiier^ )& inchea 
vride, and each rising-board 11 inchea wide. Hie wheel is 
flMrmed (bur cast-iron circles or wheds^ each 14 feet 
8 hldhes dfemet^, placed at equal distaaoes upon the central 
axis, whkh is 14 feet 8 incaro Isng between the necks or 
bearings^ and 9 indies squam; the bearing-necks are 9| 
IndieB iflamet^. Hie uheel is calcalatedr tomakefeur revo. 
lulicms per minute, which gives near 3|; feet per second for 
the velocity withwhich the float-boards move. The fell of 
water is six feet, aad the power of the wheel, when tlw 
shuttle is drawn down one loot perpendi c ular, equal to 
flB^hofhe power. 

BBBSST-WHKBL WITH TWO SHUTTIBS. 

In fMs wheel the piece of wood marked O in tbo^iaet 
Igure, is flited into the groove of Ifee sbuttle^ and ia wwvided 
f^nflfts anddrdontte sttde upauddown, ind^eadeatiyeC 
iher lolMIr shutoe. This enables the lower aiNttle to rise airf 
lUD,aceordingtoriieb^;ht of the water, so that the water abiA 
atudys run over the top of it, in the ^i^erqnanrify to w s r h 
life mill wHh its reqidtravdodty,vrimtthon^asshattto is 
only used to stop the mill by slinttiBg it down op<m the 
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This pUta is used udiefl ne mfll ib M he NijE(dated bf sr 
gciMiiS^i or iMehilie to goOehi its telbdtyi in <b«t ease the 
goeerttor Is ihhde to epefatouiion tite Ie#er shtriftte, and 
raise it'aa^ or lotrer It dowtr, aceordidg as the mfil ti^es too 
mdOh defiob Iltflte watery and'tbis regtihAes the supply; bub 
the dM>er Shutde is used to stop the ti» 91, asid by tm meaM 
ther sqdshaeet of fbe lower shuttle is not destroyed, but 
whetf Set to 'work sfgsfo,* it will nMWe with its required 
▼ddci^. Rg. 101 n a Section of one of the water>wiied» 
at* eotton>iinihe of Messrs. Stnift, at Belper, fai Derby- 
shire. The wkfth of this Wbeel is very grea^ and to rendnr 
the sh^lM A. B a strong grating ^ east4ton is 

fixed on the top Of the breast K, and tire tiiuttles are 
appUed St tiie bSw of the grating B, so as to slide np and 
dO\vn furalnst it, the etrtin oOeationed by the pressure of the 
Master nbing bombr by the grating. hmpr shuttle is 
moved by means of long serews, a, which ^ve bevelled 
wheels, b, at the Upper ends, to tom them, by a connection 
of wheel-work with the Wheel-work of the mm. The npper 
shuttle. A, is dittthi oV doudi by Fatihs and pinions, e, 
whldhi are cmruetf by a wtMh,' or handle. The Ism of the 
gra^g E are dhtced one above the other, Hhe shelves, but 
are ran hotitonm; they are intoned, so that the upper anr- 
fimes 6t all the hars form tangents to an imai^niHy circle of 
one-thiid tile diameter of the wheel described roimd the 
centre thereof. These bars are not above half an inch thick, 
and the spaces between them are 2^ inches. Hie bars are of 
a oontideraUt bfttttdtii, the objbsc of tiiem bting to lead Che 
wafer, with U proper tiope fimn the tup of the lower shuttle 
B, to flow upon tiler flcNsts of the Whm. This dh^osition 
allows the shuttles to bd placed at such a distance fn>m the,, 
rtiwel as to adeoit very strong uprij^t bars of cast-iron to 
be'plsced betwesn tlm wheel and (me shuttles, fbr the shutties 
to bear against, and prevent them finom bending towards the' 
wheel, as the gi^ wd^ water would oAeiwise ocostion 
them to do. lobso w^ght bars aft very firuy^ fixed to 
dte ‘ftotts-troilr of tire bmM at tirsis lower ends, and the 
iftMt olds aft fiMtsned to>« isr«i thn^ir, D, whkb Is sup- 
fflmd atr its ends tatiMSaidswiM,anidha8wtrass-fln«ik(g 
smttedtoliiotiaidkfiffl, MtSthullMadMitf arbof,tofreveat 
ifBndi btiadUq; tosratda the wheel. IW upright bass are 
pirtSed ub ttfinSeiM fset nmmdeK so as to support the 
sluttldi id two phlees Itt tiie midcBr* of their lengtii, as 
as'at bedi ends } and large rdlers are applied hi the shuttle. 
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whete it beara agaiaat these bars, to diminisb tbe friotidiiji’ 
which would otherwise be very great. 

These precautJoQS w^ not impear unnecessary whbn the 
wa of tbe work ie known. Ine ^eel is 21} fieet in dh^.' 
meter^ and Ifi feet broadj Uie fell of water is 14 feet, when, 
it is at a mean height ; uppef shuttle is 2} feet hi^, and 
15 feet long; ^ lower shuttle is fire feet hfeh^ and the same, 
lengthy so ^t it contains 7b square feet of surface ea^psed 
to the pressure of the water; 'now taldttf the cenfee of 
pressure at two*thirda of tiie depth, or Si feet, we And 
the pressure equal to that depth of water acting on the' whole 
surface; that is> the weight of3i cubic feet cf water s 206 
pounds, bears on every square foot of surface, whicUs equal 
to 15,600 pounds, or near seven tons, on the lower shuttle 
only; but it we take the two shuttles together, the surlhce is 
112 square feet, and the mean^ pressure 812 pounds upon 
each, or 16 tons in the whole. The wheel has 40 Aoat- 
boards pointing to the centre. The wheel is made of cast-iron. 
There are two wheels of the dimensiona above stated, which 
are placed in a line with eadi other, and are only smaratcd 
by a wall which supports the bearni^; for they work toge- 
ther as one wheel, and the separation is only to obvfate tiic 
difficulty maldng one wheel of such great breadth as W feet, 
though this is not immssible, for there is a wheel in tiieshme 
works 40 feet in brea^, but it is of wood and not iron, and 
is framed in a particular manner. — Dr. Rees's Cyclopn^A, 

PR. barkbr’s mux. 

Dr. Dbsaouubrs i^pearMo have been the first whopub- 
. lislicd an account of this machine. He ascribes the Inveutiob 
to Dr. Barker, in the followingwords : **SirGeorge Savfll says, 
Jie had a mill in Lsncolnshite to grind com, which took up so 
much water to work it, that it sunk his ponds visibly, for 
wbidi reason be could not have constant work ; but now, 1^ 
Dr. Barker’s improvmnen^ the'waste water tmly from Sur 
George’s ponds keeps it constantly to work." 

Dr. Barirer’s mill b shown in fig. 102,'where CD is.d' 
vertical axis, moving on a pivot at D, and carrying 
millstone tn, after passing tbrouf^ an opening fa^ 
milhitoueC. Upm this axis is fl^md a vurtiw itAe'’]|^T. 
coumutiiiiGafkig with ahoriaontal tube Afi, at the cxtretsiltil^ 
of whiehi are two iq^ertures in cppo^ tfalbctioib.: 

Wheu watw from the milleoqrse M N ife introduced iotbrthh, 
tidie TT, it nowo^out of the aiiettttmi A,‘B, aa^' bJl'ilA 
reaction or cotmterpressure of the issuing water, the arm AB , 
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and consequently the whole machine. Is put in motion. 
The bridgetree a A is elevated or draressed by turning the 
nut c at the end of the lever c b. In order to understand 
how this motion is produced, let us suppose both the aper- 
tures shut, aod^he tube T 1' filled with water up to T. The 
apertures A, B, which are shut up, will be pressed outwards 
by a force to the weight of a column of water whose 
height is TT, and whose area is the area of the apertures. 
Every part of the tube AB sustains a similar pressure ; but 
as these pressures are balanced hy equal and opposite 
pressures, tlie arm A B is at rest, ^y opening the aperture 
at A, however, the pressure at that place is removed, and 
consequently the arm is carried round by a pressure equal to 
that of a column T T, acting upon an area equal to that of 
the aperture A. The same thing happens on the arm T B ; 
and these two pressures drive the carm AB round in the 
same direction. This machine may evidently be applied to 
drive any kind of machinery, by fixing a wheel upon the 
vertical axis C D. 

In the preceding form of Barker’s mill, the length of the 
axis C D must always exceed the height of the foil N D, 
and therefore when the fall is very high, the difficulty of 
erecting such a machine would be ^eat. In order to remove 
this difficulty, M. Mathon de la Cour proposes to introduce 
the water from the millcourse into the horizontal arms A, B, * 
which are fixed to an upright spindle C T, but without smy 
tube T T. The water will obviously issue from the apertures 
A, B, in the same manner as if it had been introduced at the 
top of a tube TT as high as the fall. Hence the spindle 
CD may be made as short as we please. The practical 
difficulty which attends this form of the machine, is to give 
the armd A, B, a motion round the mouth of the feeding pipe, 
which enters the arm at D, without amr great friction, or 
any considerable loss of water. This form of the miU is 
sliown in fig. 103, where F is the reservoir, K the millstones, 
K D the vertical axis, FE C the feeding pipe, the mouth of 
which enters the horizontal arm at C. In a machine of this 
kind which M. Mathon de la Cour saw at Bourg Argental, 
AB was 92 inches, and its diameter three inches; the dia- 
meter of each orifice was It inch, FG was 21 feet; the 
internal diameter of D was two inctes, and it was fitted into 
C by grinding. This machine made 116 turns in a minute 
when it was unloaded, and emitted water by one hole only. 
The machine, when empty, weighed 80 pounds, and it was 
half supported by the upward pressure of the water. 
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This itD|H»]rement, icfaich wm fint by M. Mathoo da 
U CoiK»4Aibf •rottn«o/ de Fatigue, I77^t appeured twenty 
yc^Wbsrnft^ inthe^mmcan PAUosophicatlhimaacHonSf 
aa tbe WTeptipo of a Mr. Ramsey; and Mr. Warinj^'B'Jbo in- 
aaited Rie acconot* oontrary to every other phUosophery nukea 
the elEEect at the madiine only equu to that of a good under- 
shot whedy moved with the same quantity of water fiidling 
tturough the same hdght. 

Dr. Gregory, in his Mechanics, vol. ii. has giyen this 
jOipet with some corrections, and recommends it as the heat 
S^ry. The following rules, deduced from his calculus, 
may oe of use to those^ho wish to make experiments on 
the effect of this interesting machine. 

1. Make each arm of the horizontal lotato:^ tube or arm 
of any convenient length, from the centre of motion to the 
centre of the apertures, but not less than one-third (one- 
ninth, according to Mr. Gregory) of the perpendicular height 

the water’s surface above their centres. 

2< Multiply the length of the arm in feet by .6136, and 
take the square root of the product for the proper time of a 
revolution in seconds, and adapt the other parts of the ma- 
chinery to this velocity; or if the required time of a revolution 
be given, multiply the square of this time by 1.629 for the 
prraortional length of the arm in feet. 

3. Multiply together the breadth, depth, and velocity per 
second, of the rac^ and divide the last product by 18*47 
times (14.27, accor^g to Mr. Gregory) the square yopt of 
the height, for the area of either aperture. 

4. Multiply the area of either aperture by 6)e hdght of 
the foil of water, and the product by 414 pounds (6oi77^f 
according to Mr. Gregory) for the moving mrce, estimated 
at the centres of the apertures in pounds avoirdupois. 

5. The power and velodty at the aperture may be easily 
reduced to any part of the machinery by the simplest me- 
chanical rules. 


TUlB-MllXS. 

TioB-Miua, as tbdr ni^ imports, m pa eisfiloy 
tea tbekr fost mover the floudog and ebbing tide, e^her jn 
the sea or a riyer. 

Mills of 4tis Mud have npil; ofooi, we beUeve, been erected 
ha iEi^^kusd* thou A aeversii of our rivers, and particidarly 
tbs TbwMk thsilwmber,- spd ti>ic Severn, in which the tide 
ifoee CO A gmat beqi^^ foalitii a ««ty powerful mover to 
drive of mawwsi i h m4 avooU. allow «r tide-hulle 
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very adihmtagcourij coatthteted upoa hialat. 
The erectUm. of aueh milk k not to -be TeeoaHMaded ainl* 
vemaily, as '^ejr are attended aM' a eomidoaiUe ori^eal 
expeiiie ; beside Ibatj some of thdr parts r^ul» frequenlt 
tepjdrs but in some phees, 'where eoal Is -veiy dearj ths^ 
may, on the whole, be found less expeasire than ,steata- 
en^nes to perform the same woric, and ma^, on that a^MMuit, 
be preferred evrti to them. 

We hare not been able to ascertain who was the >fiMt 
contriver df a tide-mill in this coimtry, nor at what time mie 
was first erected. The French have not been so -negligent 
respecting the oripn of this important invention, as to let 
it drop into obscurity; but have taken care to inform ua 
that such mills were used in France early in the last cmttury. 
Belidor mentions the name of the inventor, at the same 
time that he states some peculiar advantages of this qpecies 
of machine. ** L’on en attribue," says he, la premibue 
invention k nn nommd Perse, maitre charpentier ae. Dun- 
kerque, que mMte assnr^ment heaucoup d’uoge, n'y ayant 
point de gloire plus dijp^e d’un bon citoyen, que eeUe de 
produire quelqu’invention utile il la socidtd. En etfot, 
combien n’y a-t’-il point de choses essentieUCs h la vie, dont 
on ne connott le prix que quand on en est priv^ : ks 
moulins en gdn^ral sodt dans ce cas-k. On dmt s^avoir bon 
gr^ k ceux qui nous ont mis en ^tat d’en construiiie -partont: 
par exemple, k Calais, conMm il n’y serpente pmnt de 
rivieres, on n’y a point fidt ju^Rci de moulins k eau, eteeoK 
qui vont pair le vent chdmant une paitie de I’ann^e, il y a des 
terns oh cette ville se troure sans farine, et j’ai vu la 
gamison en 1730, oblige de faire venir du pain de Saint-Omer, 
an lieu qu’en se servant du finx et reflux de la mer> onmonr- 
rait construire autant de moulins h eau que Ton voudreit : il 
y a d’autres villes dans le voisini^ de la mer sujettes au 
m£me inconvenient, parcequ’apparemmeiit .elles ignorent 4e 
moyen d’y remedier.” 

Mills to be worked by tiie rising and fidling. of tiie tide, 
admit of great variety in the essential parts of their con- 
Stniction ; but this variety may perhaps be' -reduced to fimr 
^[rtieral heads^ according to tiie mamer of action of -the 
'Wlter-kfae^ l.The watet-wbeel. may turn one way when 
'tirt tide end the contrary -when ft'fidls. 2. Thewater- 

tl^ed mpy to hkde 'to turn aktxys m one diretition. 
B/Ttk v^ter-inbeeltdpy'faU and rise as ihe tide -ebbs ‘ and 

'^Tberdde af ‘tiiervater-'ii^bedmay be ao^fiited'.%s 
^fbtt’it ehitt neither riib'ttor 'fidl, though tiie mthto^motiMi 
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stiall be/given to the wheels E'hile at one time it ia only 
at another completely^ immersed in ilie fl 4 id. In the 
mills we have examined^ says Dr.Gregoiy,tbe first and third of 
these divisions have been usually exemplified in one machine ; 
and the second and fourth may readily be united in another : 
we 8hall> therefore^ speak of them uncfer two divisions on y» 

1. .When the water-wheel rises and falls^ and turns on^ 
way with the rising tide, and the contra^ when^ it ebbs. In 
order to ex^in the nature of tiiis species of tide-mills, we 
shsdl describe one which has lately been erected on the 
right bank of the Thames, at East- Greenwich, ui^er the 
direction of Mr. John Lloyd, an ingenious engineer of 
Brewer 's-green, Westminster. 

This mill is intended to grind com, and works eight pair 
of stones. The side of the mill-house parallel to the course 
of the river, measures 40 feet within ; and as the whole of this 
may be opened to the river by sluice-gates, which are carried 
down to the low water-mark m the river, there is a 40 feet 
waterway to the mill : through the waterway the water 
presses during the rising tide into a large reservoir, which 
occupies about four acres of land ; and beyond this reservoir 
is a smaller one, in which water is kept, for the purpose of 
being let out occasionally at low water to cleanse the whole 
works from mud and sediment, which would otherwise, ip 
time, clog the machinery. 

The water-wheel has its mde in a position parallel to the 
side of the river, that is, pfluiel to the sluice-gates which* 
admit water from the river ; the length of this wheel is 26 
feet, its diameter 11 feet, and its number of float-boards 32. 
These boards do not each mn on in one pkme from one end 
of the wheel to the other, but the whole length of the wheel is 
divided into four equal portions, and the parts of the float-boards, 
belonging to each of these portions, fiill ^adually one lower than 
another, each by one-fourth of the distance from one board 
to another, measuring on the circumference of the wheel. 

This contrivance, which will be better understood by refer- 
ring to fig. 104, is intended to equalize the action of water 
uj^n the wheel, and prevent its moving by jerks. The Wheel, 
with its incumbent apparatus, weighs^f^bout 20 tons, the u^ole 
of which is raised by the impulse of the flowing tide, when 
admitted through the sluice-gates. It is placpdpi the middle 
of the waterway, leaving a passage on each aide of about six 
feet,for the water to flow into the reservoir, besides that which, 
in its motion, turns the wheel round. Soon aftmr the tide has 
risen to the highest, (which at this mill is erften 20 feet abo«e 
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the lo^ water-^marki)^ the water is permitted to run back 
a^pain fiKmrthl^ resenroir into tiie river^ and by^thia meana it 
gtveaarotatbvjr motion to the water-wheel, in a contrary 
dMcidoa to that with which it mored when impell^ by the 
riaing tide i the contrivance by which the ^eer is rtnaed fuid 
depressed, and that by which the whdle interior niotions of 
tte mill are maerved in the same directioh;*although that in 
which the water-wheel moves is changed, are so truly inge- 
nious as to deserve a distinct desmptioni illustrated by 
diagrams. Let, then, AB (fig 105) ne a section of the 
water-wheel, 1, 2, 3, 4, 5, &c. its floats ; C D the^ first cog- 
wheel upon the same axis as the water-wheel; tlie vertical . 
shaft F £ carries the two equal wallower-wbeels E and F, 
which are so situated on the shaft that one or other of them 
may, as occasion requires, be brought to be driven hy the 
first wheel CD; and thus the first wheel suiting upon F and 
£ at points diametrically opposite, will, ‘ although its own 
motion is reversed, communicate the rotatory motion to the ’ 
vertical shaft always in the same direction. In the figure 
the wheel £ is shown in geer, while F is clear of the cog- 
wheel CD; and at the turn of itfae tide the' wheel F is let 
into geer, and £ is thrown out ; this is effected by the lever 
G, whose fulcrum is at H, the other end being suspended by 
the; rack K, which has hold of the pinion L on the same axle 
as the wheel M ; into this wheel plays the pinion N, the 
winch O, on the other end of wh<i|p axle, furnishes sufficient 
advantage to enable a man to elev^ or depress the wallow^er- 
wheels, as required. 

The centre of the lever may be shown more clearly b}’‘ 
fig. 104, where a 5 is a section of the lever, which is com- 
posed of two strong bars of iron, as a 5 ; there are two steel 
studs or pins which work in the grooves of the grooved wheel 
I, this wheel being fixed on the four rods surrounding the 
shaft, of which three only can be shown in the figures, as 
the ends of these are screwed fast by bolts to the 
sockets of the wallower-wheels, and they are nicely fitted 
on the vertical shaft, so as to slide with little friction ; thus 
the wdllowers may be mised or lowered upon tfae.upright 
shaft, while the gudgeon^ on which it turna, retains the same 
position. ' 

When the top waliower is in geer, it rests on a shoulder 
that prevents it from going too frr down; and when the . 
bottom, one is in geer, there is a bolt that goes through the 
top ^heiri sodket and shaft which takes the weight the 
levc^ G, at the same time that it prevents much friction on 

H 
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the studs or pins of the lever which works iu tlic grooved 
wheel 1. 

When the tide is flowing, after the mill has stopped a suf- 
ficient time to gain a moderate head of water, the Ihild is 
suffered to enter and fall upon the wheel at the sluice Q, 
(fig. 103,) and the tail water to run out at the sluice R. 

The hydrostatic pressure of the head of water acting agaiost 
the bottom of the wheel -frame S, and at the same time act- 
ing between the folding-gates T W, whidi are thus converted 
into very large hydrostatic bellows, buoys up the wbc»l and 
frame, (though weighing, as before observed, nearly 20 tons,) 
and makes them gradually to rise higher and higher, so ^at 
the wheel is never, as the workmen express it, drowned in the 
flowing water ; nor can the water escape under the wheel- 
frame, being prevented by the folding-gates, which pass from 
one end to the other of the wheel. In this way the wheel 
and frame are buoyed up by a head of four feet; and the mill 
works with a head of 5 or -61 feet. 

When the tide is ebbing, and the water from the reservoir 
running back again into the river, it might, perhaps, be ex- 
pected that in consequence of the gradual subsiding of the 
water, the water-wheel should as gradually lower •, but lest 
any of the water confined between the wheel-frame atS, and 
the folding-gates T W, should prevent this, there are strong 
rackworks of cast-iron, by which the wheel-frame can be 
either suspended at any altitude, or gradually let dowu so as 
to give the water returning from the reservoir an advantageous 
head upon the wheel ; then the sluice R is shut, and V opened 
as well as X, the water entering at X to act upon the wheel, 
and flowing out at R. The upper surface of the wheel-frame 
is quadrangular, and at each angle is a strong cast-iron bar, 
which slides up ^iid down in a proper groove, that admits of 
the vertical motion, but prevents all suck lateral deviation 
as might he occasioned by the impulsion of the stream. 

At each end of the water-wheel there is a vertical shaft, 
with wallowers and a first cog-wheel, as F £, and C U.; and 
each of these vertical shaffe turns a large horizontal wheel at 
a suitable distance above the wallowers, while each horiaontal 
wheel drives four equal pintotts placed at equal or*quadrantal 
distances on its periphery, each pinion having a -yertical 
^indle, on the upper part ef Which tlie upper millstone of 
ite respective .pair is frxed. Other wheels, driven by one or 
of these pinionsi ^ving motion to the bolting and 
wessiag 4tiieehiaciH^ and diffident aidmrdbate Aartg af tbe 
.«dU. 
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AltbQV{^ tbe vertkAl gh«ft at each md pf the water-wheel 
jan4lUl# with that wheels yet the large horizontal wheel 
wUh al^ does not likewise rise and fall^ but 
I j ^^ i p^ io tj^ same horizontal plaoe^ and in contact 

l^ith t]^e fp]]f pinions it dHvps. The contrivance for this 
pi|r|>oap.is simple^ bpt very efficacious; eadi great 
horizontal wheel has a nave^ which runs uppo friction-rollers, 
,an4 has asa^are aperture passing through, it vertically, just 
enopgn to aUow the abaft P to slide freely up and down in 
it^ put not tp turn ^ound without eomcaunicating its rotatory 
^notion tip the wheelj thus the weight of the w'beel causes it 
tc press upon the friction-rollers, and retain the same hori- 
asont^ planes, and the action of the angles of the vertical shaft 
upon the corresponding parts of the square 0rifice iu the 
nave causjes it to partake of the rotatory motion, such motion 
being always in one direction, in consequence of the con- 
trivance by which one or other' of the wallowers E F is 
brought into contact with the opposite points of the first cog- 
whfidCD. 

Several of the subordinate parts of this mill are adinir- 
nhty constructed ; but we can only notice here the means by 
whj[cb the direction of the motion in the dressing and bolt- 
ing machines may be varied at pleasure. On a vertical 
shaft are firmed, at the distance of about 15 or 18 inches, two 
equal cog-wh^cls, and another tpotbed-wheel, attached to a 
horizontal Ij^e, is made so as toi)e movable up and down by 
a screw, ahd thus brought into contact with either the 
upper or lower of the two cog-wheels on the vertical shaft ; 
^us, it is manifest, the motion is reversed with great faci- 
lity by changing the position of tlie horizontal axle so that 
tfce wheel upon it may bp' driven by the two cog-wheels 
alternately. A wheel and pinion working at the other mid 
of the horizontal axle will communicate the motion to the 
jessing machines. 

Mr. W. Dryden, Mr. Lloyd’s foreman, employed *in the 
erection of this mill, suggests that a nearly similar mode 
m^y be advantageously adopted in working dressing ma- 
rines in wind-miUs j three wheels, all pf different diameters, 
may be eiqployed, two of them, as A and C, turning upon a 
reriical shaft, and the third, B, upon an inclined one. In 
fig-m the wheels A «od B are showa in gear, while C i« 
Ah4^. A bestrode out by some such coutrivauce as is 
aidi^ted with rS^d to the fint cog-wheel and walloyrers, 
djg. lOd iut4 C wodd cojue in coptact with 1^ w)^e A 
p^d he sodso cosamooicate « xoptuni toB the reverse 

a 2 



TNM OPJbRATIVJK MSCUANIC 


m 

way. By this contrivance it would be etbAj, when Ui6 winds 
are strong and give a rapid motim to the vertical adije/ to 
bring C to drive the wheel on the axle of the dressm- 
machines ; and on the <iontrarv^ when the wind is 
and die consequent motion of the madiinery Idow^ let 0'be 
thrown out of geer, and the wheel B driven by the laifjger 
wheel as shown in the figure. , . 

We should have been glad to see adopted' in this well- 
constructed mill^ a contrivance, recommended and 'JuirStfed 
by the American mill-wrights, for laisinp^ the ground cdrfo to 
the cooling-boxes or beaches from* which it is to be con- 
veyed into the bolting-machine. In this mill, as in all we 
have seen, the com is put into bags at the troughs below the 
mill-stones,' and thence raised to thi top of the mill-^house by 
a rope folding upon barrels turned by some of the interior 
machinery of the mill. In the American method,^ enlarge 
screw is placed horizontally in the trough Which receives 
the flour from the mill-stones. ''I'he thread or spiral line of 
the screw is composed of pieces of wood about two inches 
broad and three long,, fixed into a w*ooden cylinder s^ven or 
eight feet in length, which fonns the axis of the screw. 
When the screw is turned round this axis, it forces the meal 
from one end of the trough to the other, where it fells into 
another trough, from which it is raised to the top of the mill- 
house by means of elevators, a piece of machiaeiy similar to 
the chain-pump. These elevators consist of a chsif bf buckets, 
or concave vessels, like large tea-cups, fixed at proper 
dbtances upon a leathern band, which goes round two wheels, 
one of which is placed at the top of the mill-house, and the 
other at the bottom, in the meal-trough. When the wheels 
are put in motion, the band revolves, and the buckets, dip- 
ping into the meal-trough, convey the flour to the upper story, 
where they discharge their contents. The band of buckets 
is enclosed in two square boxes, in order to keep them clean;p 
and preserve them from injury. 

. We shall now proceed, 

2. To tide-mills, in which the axle of the water-wheel 
neither rises nor falls, and in which that wheel is made always 
to revolve in the wme direction. A water-wheel of tliis hiud 
must, manifestly, at tlie time of high-tide, be almost, if not 
entirely^ immersed hi the fluid ; and to construct a n^eel to 
work under such circumstances is, obviously, a matter whidh 
requires no small ekill and ingbiuity.^ 

The first person jvho demed a Wheel which m^ht^tMi 
turned by the tidej when completely immersed in it, ^werfi 
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. MiNBva; and De la DeniUe. 'Hieit wheel is des<^hcd 

S j^elider in nearl]^ the following' terma. Suj^se G H 
f4jl(l!7) to denote ue surfoce of the water at hig^tide, the 
» JiM the-.sanbce at ldw<water, an^ that the current f<d> 
Ipwa tha dH«fstioa of the arrow N •, the problem is to. construct 
the wlieel;.^ tiiat it may alwm turn upon its axis IK. 
'Die figure just referred to is a profile of ui assemblage of 
paipentryf which mast be repeated sererah times along the 
. arfaim» aeoerding to the lengtli which it is proposed to giye to 
the.fioat-rboards; mid Oie {danks or plates which compose 
these floats, most be hung to the ether parts of the frame by 
as many joints as are necessary, to enable them to sustain 
the impulse of the water without bending. The acde pecu- 
Iknity of this wheel coiiftsta in hanging upon the transverse 
beams in the frrame-woric, by binges, the planks which are to 
compose.the float>boardsj so that they may present them- 
selves in fiiee, as D, D, D, when they are at the bottom of the 
whe^ to receive the frill stroke of the stream j and, on the 
contrary, they present only their edges, as A, A, A, when 
they .are bmught towards the summit of the wheel j hence, 
the water havina a far greater effect^ upon the lower than the 
upper parte of uie wheel, compels it to revolve in the order 
of the letters; instead a! which, if the float-boards were 
fixed as in the usual way, the impulse of the fluid upon the 
wheel would be nearfy the same in all its parts, and it would 
nemain inunovahle. 

We see, at once, that the boards ‘D, D, D, having moved 
towards M, then begin to -float^ as at £, £,'£, and more still 
at F, F, F, but that it is not till they arrive at A, A, A, that 
they attain the horizontal position ; after that, having arrived 
at they begin to drop towards |he beams to which 

they are booked, and as soon as they have passed the level cl 
the axle I K, ^e stream commences its full action upon 
Aem, which it attains completely between C, C,C, and 
£, £, E, and thu, whether the . surface of the water be at 
G H or at L M $ for even in the latter ease it is manifest that 
the float-boards are. entirely immersed when. in the vertical 
position P Q.V Belidor ’says, he was present at the first 
trial of. such a whedlatParis, and that it was attended with 
pU.the sncoeas thatcould he desired. 

A. water-whed has been lately invented by Mr. Dryden, 
lAkh wiU work nhen neariy' immersed in the water of a 
flowing tide. Fig. 106 fe an elevntion of this wheel, its upper 
MrtS'bmng' supposed to strnid a foot or .two higher than the 
tiidcrever nses; the axis of this wheel remiuns always in one 
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pbuxL^iiidihe Wheel iprill work at high^-Watet’ when the hiiii 
u atjS, and tiie tail-water at the dotted lihe At it will .idio 
pdtform nearly the same work when the head is^ at C, told tte 
thS-water level mth the bottom the tvheel. The ftdUMi 
ire all set at one and the same angle, with the rtei ^ ettee 
radii of the wheel, as may be seen in tiie figure, aKd (n'e'inide 
bo as to have an opening of at least an ineh between eseh 
float and 'the drum-boarding of the wheel. This openiilgf tt 
intended to prevent the wheel from being impedra by -the 
taiU water ; for as the backet rises out of the watefr, mete 
can be no vacuum formed in it, there being a full supjfiy df 
air, in consequence of which the water leaves the wheel de- 
liberately. The case is difierent with regard to wheels- rnadb 
in the common way ; for if such are open wheels, the flsiaitb 
are made in such a manner as to throw the tail-watm' if 'flifiy 
are immersed any depth in it ; or, if they are close^ tlM HdriNd 
wants proper vent for the air to prevent the forcMftlGn Of b 
vacuum in the rising bucket, or what is called by the 
** sucking up the tul-water.” At D is planking made btf- 
cular to fit the wheel pretty close for father moire fliAn tile 
space of two floats, so as to confine the water nearly close tb 
the wheel. E, F, 6, H, are sluices which are all connected 
together by the iron bar I, and lifted With the assistanee Of 
the wheel, two pinions, and a winch, the first pinion wodiing 
into the rack K j these sluices are merely for stopping the 
wheel when occasion requires, although one might be suffi- 
cient to supply the wheel. Thd rings of this wheel may be 
made either of cast-iron or of Wood ; the floats may be iron 
plates rivetted together. The fianches on the arms bf '^e 
wheel, exhibited in the sketch, are intended to facilitate tite 
fixing (tf the first cog-wheels ; the ring of the wheel may be 
fixed to the fianches at the extremity of the arms, and the 
large flaneb. made fast to tj^e tale will receive the middle part 
bf ‘the wheel. 

Fig. 1(^ is a plan ef the house in Which either of the two 
latter wheels may be fixed, Showing in vidiat manner the 
Water may be conveyed always Oh one side of the wheel by 
the assistance of the four gates B, G, and D. When the 
mill is working from the river, A'snd B ate open, the arrows 
point out the way the water runs from the river to Ihe bntak | 
and tiie'dotted lines on the controry the cohrSe from the basin 
to the rieer, when A, B, are shut, and C, D, opened. ThOhe 
are made to turn on an axle, which is about six ittifiies 
from the middle of the gate, and qn the top of the axte is a 
half-wheel ; by some crane-work connected to tile -gMe 
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siM> be (queued Vr idtut et pleasure } wban a b«id of wi^ 
pr^|sea, agunat the gates , they will, open great part of & 
wap oftbemsdvest by. only letting; tb^ catches that keep.theip 
be lifted .out ^ . their place* . .X* are two knees cf 

MAtniroii^ to.anpport the posts. that tlie gates are filled 
The walls of the. building are represented at a, c, and 4. 

The reader will now be able to form an estimate of the 
oomparative value >uid ingenuity of the two kinds of tide- 
joiills here described, . The simplicity of construction of the 
.wheels of. Cosset, De la Peui^, and Pryden, recommend 
them, strongly; but we entertain some doubts of their beiiig 
completely successful in practice : bad the curious wbeeC 
with the folding-gates, &c, fig. 104 and 100, been pl^cd 
.with its axle perpendicular, instead of parallel, to the course 
of. the rjiver, the water might then have always been admitted 
ito .upon the same side of it, and the hydrostatic pressure 
would. bare operated as completely m lowering it continually 
dmring the time of ebb, as in raising it continually during the 
QWiig of the tide ; thus, as appears, tp us, would the ,lwour 
of a man be saved, who, according to the present construc- 
tion, must attend the water-wheel; and all the additional 
wparatuf now requisite to shift the spur-wheels, would at 
the same time be saveth and a consequent diminution of 
expense. Dr. Gregory’s ilfecAanics, vol. ii. 
jm selecting a site for the erection of a mill, the engineer 
must he csiehd not to make choice of a spot that is liable to 
be flooded. When the water in the miU-ttul will not run vfl:' 
feeely, bmt stands pent up m the wheel-race, so that the 
whem must work or row ia.it, the wheel is said to he tailed, 
or to be in back-water or tail-w;^r ; which greatly impedes 
&e. velocity of the wheel, and^ if the flood be great, com- 
pletely stops it. 

Every mill that is well and prmerly constructed, will cleir 

t elf of a considerable depth of tul-water, provided there is, 
the time, an increase in the height of the water in the 
mill-dam or head, and an nnlimited quantity of water to draw 
upon the wheel. Common breast-mills will bear two feet of 
tail-water, whin there is gn increase of head, and plenty of 
water to be drawn upon the wheel, without p'Kjudice to toeir 
performance ; and nulls that are well constructed, with slow 
living, wheels, will bear three and even ,four feet and up- 
wanis of tail-water. Hr. Smeatou .mentions having seen an 
instance of six feet;, and it is a common thiug in level coun- 
tviei^ where tail-water is most annoying, to lay toe wheel 
fnma six.to twelve incUes helpw the water’s level of the 
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pond belpw^ in order to increase the fall ^of water ; a|id,jif 
judiciously attended with good effect, as 

cieaMtB the diameter of the wheel, ^d though dt i|Hlit 
always work in that depth of tail-water» it will perform fuU 
as well, because the water ought to run off from the tmtlCHii 
of the wheel, in the same direction as the wheel turns, ' 

ON THE CONSTRUCTION OF THE WBBBJL-RA€^ AN^ , ; . 

WATER-COORSB. 

The wheel-race should always be built in a substaallsl 
manner with masonry, and if the stones are set dn Roman 
cement, it will be much better than common mortar. The 
earth, behind the masonry, should be very solid, and if it is 
not naturally so, it should be hard rammed and puddled,^ to 
prevent percolation of the water. This applies more partii^ 
cularly to breast-wheels, in which the water of the" dam 
leservoir is usually immediately behind the wall or breast in 
which the wheel works, a sloping apron of earth being ^ laid 
from the wall in the dam to prevent the water leakiiig. 
wall of the breast should have pile planking driven beneadi, 
to prevent the water from getting beneath, because that might 
blow up the foundation of the race. The stones of the race 
are hewn to a mould, and laid in their places with great care ^ 
but afterwards, when the side walls are finished, and the axis 
of the wheel placed in its bearings, a gauge is attached to it 
and swept round the curve, and by this the breast is dressed 
smooth, and hewn to an exact arch of a circle ; the side walls, 
in like manner, are hewn fiat and triie at the place where the 
float-boards .are to work. It is usual to make the space be- 
tween the side walls two inches narrower at each side, in the 
circular part where the float acts, than in the otWr parts. < 

In some old mills the breast is made of wodd planking, 
but this method has so little durability tliat it cannot be 
rc^mmended. 

In modern mills, the breast is lined with a cast-iron plate, 
but we dp not approve of this, because it is next to impossible 
to prevent some small leakage of ^nii^ater through the masonry ^ 
and this wate% being confined b^ind the irdn breast, cannot 
escaj^, but its hydrostatic pressure to force u]> the iron is 
enormous ; and if the water can ever insinuate itself behliid 
the whole surfacC'Of the plate, rarely faOs to break it, if not 
to blow it up^ altogejther. This is best mafded against by 
i^ing deep ribs projecting from the back of the plate^ ahd 
bedding them with great care ip the masonry; these 
only strengthen the plate, but also cut off the communication 
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•f tbewatnri aotbwt it cannot act upon lai^^ aui&cea at 
OBopi tbaa the atMngth and weight of the pbde can resist. 
^Rtte is' undeobtediy the best; material for a breasting. In 
flVbrshob>wheeis the foes of water) by running out of the 
beeketsad titer i^roaeh the boltotn of the wheel) may be 
ccmsidenddy cDBUDished by' acooratdy forming a sweep or 
casing rottim the lower portion of the wheel) so as to prevent 
the iminediate escape of the water) and causin it to act in 
^e .manner of a breast-ndieel. -While this improremeht 
n^Mdas in good condition) and the wheel works truly) it 
produces a very sensiUe. effect; but it is frequently objected 
t 0 ).becau 8 e a stick or a stone falling into the wheel would, 
he iidi>Ie to tear off part of its shrouding, and damage the 
backets ; and again, a hard frost frequently binds all fast, 
and; totally prevents the possibility of working during its 
eontinuance but we do not think the latter a great objection, 
fur the water is not more liable to fireeee there than in the 
buckets, or in the shuttie, and may be prevented by the same 
means, viz. by keeping the wheel always in motion, a very 
smdil stream of water left running all night will be sufficient. 
Mr. Smeatou always Used such sweeps, and with very good 
effect ; it is cerbiinly preferable to any intrici^ work in the 
form of the buckets. 

Mili^courses . — As it is of the highest importance to have 
thq height of the fall as great as possible, the bottom of the 
cimal or dam which conducts the water firom the river should 
have a very small declivity ; for the height of the water>frdl 
will dknuush in proportion as the declivity of the cmial is 
increased ; on- this account, it will be sufficient to make A B, 
fig. 100, slope about one inch in 200 yards, taking care to 
make the declivity about half an inch for the first yards, 
ia Older that the water may have a velocity sufficient to pre- 
vent it frK>m flowing back into the river. Ihe inclination of 
the fal]^ represented by the angle 6 C R, should be 25** 50^ ; 
or C R, the rediu^ should be to G R, the tangent of this 
angle, as 100 to 48, or as 25 to 12 ; and since the surface 
of the water -Sfi is bent .from ab into ac, before it is pre- 
cipitated down the foil, it will be necessary tddneurvate the, 
upper part BCD'cff course into B D, that the water .at 
the bottom may move parallel to the water at the top*of ^e 
stream.; For this purpose, take the points B, D, about 
12 in^es distant . frx>m C, and rabe the perpendiculars B 
PE; the point (ff intersection £ will be the centre, firom 
wbich the arch B D is to be described ; the radius being about 
1^ indies. 
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Now, in order that the water may act more advantageoiislf. 
upon the float-boards of the wheel W W, it must ^assuim^i 
horUontal direction U K, with the same velocity* which /ih 
would have acquired when it came to the point G : but, in 
falling from C to G, the wati9r will dash upon the borixontal 
part H G, and thus lose a great part of its velocity ; it will 
be proper, therefore, to make it move along F H, an arch of 
a c&cle, to which D F and K H are tangents in the points F 
and H. For this purpose, make G F and G H each equal to 
three feet, and raise the perpendiculars H I, FI, which ^1 
intersect one aiiothcr-in the points I, distant about four feet 
nine inches and xVths from the points F and H, and the 
centre of the arch F H will be determined. The distance 
H K, through which the water runs before it acts upon the 
wheel, should not be less than two or three feet, in order that 
the difiereiit portions of the fluid may have obtained a bori-* 
zontal direction ; and if H K be much larger, the velocity of 
the stream would be diminished by its friction on the bottom 
of the course. That no water may escape between the hot* 
tom of the course KH and the extremities of the float- 
boards, KL should be about three inches, and the extrem^ 
o of the float-board n o, should be beneath the line H K 
sufficient room being left between o and M for the play of 
the wheel, or K L M may be formed into the arch bf a circle 
KM, concentric with the wheel. The line LMV, called 
by M. Fabre the course of impulsion, (le coursier d'impulsion,) 
should be prolonged, so as to support the water as long ae it 
can act upon the float- boards, and should be about nine 
inches distant from O P, a horizontal line passing through O, 
the lowest point of the fall ; for if O L were much less tbun 
nine inches, the water, haying spent the greater part of its 
force in impelling the float-boards, would accumulate below 
the w’heel and retard its motion. For the same reason, an- 
other course, whiqh is called by M. Fabre the coursei of dis- 
charge, (le coursier de ddcharge,) should be cqnnected^with 
L M V by the curve V N, to preserve tffe remaining velocity 
of the water, which would otherMse be destroyed by falling 
* perpendiculaf from V to N. The course of. discharge is re- 
presented by VZ, sloping from the point O. It should be 
about 16 yards long, having an inch of declivity in every tm 
yaixls. The canal, which reconducts the water from tV 
course of ffisebarge to the river, stould slope about four 
ih^es in the first 200 yards, three inches in the second 200 
yards, decreasing gradually till it terminates in the river., Bnt 
if the river, to which the water is conveyed, should, wlien 
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MMdlmi by the ning, force tiie watet back apcn the irhcel, the 
aartaJ lIiUBt have a greater dedifitt, in orderto preVeht thitfiroitt 
fUit^pIade. Hence it will beevldent,thatvervaceiirateleveU 
Bng is necessary for the piBper formation of the mitl-cdurse. 

OK 8BTT1K6 OUT WATBB-COURSBS AND DAMS. 

Thw- most ancient mills were undershot- wheels placed In 
the chrrent of an open river^ the building containing the mill 
being set upon piles in the river.- It would soon be observed 
that the power of the mill would be greatly increased if all the 
vrikterofthe river was concentrated to the wheel, by making an 
obstruction across the river which penned up the water to a 
required height; and also to form a ppol or reservoir df water. 
A sluice or shuttle would then become necessaiw to regulate 
the admission of water to the wheel, and other unices Woidd 
be necessaty to allow the water to escape in timds of floods| 
for though in ordinary times the water would rUn over the 
top of the obstruction or dam, yet a very g^at body of water 
running over might catiy awav the 'whole work, by washing 
away the earth at the foot of the dam, And then overturning 
it into the excavation. This is an accident which frequently 
happeqs to mills so situated; and the dangei is so obvious, 
that most water-mills are now removed to the Side of the 
river, and a channel is dug from the river to the mill to 
supply it witli water,, and another to return the water from 
the mill to the river. The difference of level between- thCse 
two channels is the fall of water to work the mill, wd this Is 
kept Up by means of a wear or dam entirely across the rim, 
but the water can run freely over this dam in case iff floods, 
'without at all affecting the mill, because the entrance to the 
channel of Supply is regulated by sluices and side walls. 

The dam should be erected across the river at a broSd 
part^ where it will pen up the water so as to form a large 
pond or reservoir, which is criled the mill-pond or dam-head. 
Ibis reservoir is useful to gather the water which comes 
down rite river in the night, and reserve H for the next day’s 
consumption; or for such mills as do not Wotk incessantly, 
but wUdi require more wrter, when they do work, than the* 
OrAnary strewn iff the river can supply in the same time. 
Ibe lai^r Ae surikee of the pond is, the more efficient it 
will be, but depth will not compensate for the want of 
Surface, becanse, as the surface smks, when the water is 
Arawii off, the frdl on descent of the water, and consequently 
tbepower of the watet) diminisliM. 

tne dam for a htg6 river should be constructed wUh the 



THB OPBRATIVB MBCHANIC 


108 

utmost solidity; wood framing is very commonly used^ btt 
masonry is preferable. Great care must be taken^ by driving 
pile planking under the dam^ to intercept all leakage of the 
water beneath the ground undei^ the dam, as. that loosens the 
earth, and destroys the foundation imperceptibly, when a 
violent flood may overthrow the whole. It is a common 
practice to place the dam obliquely across the river/ with a 
view of obtaining a greater length of wall for the water to run 
over, and consequently prevent its rising to so great a height, 
in order to give vent to the water of a flood. But this is 
very objectionable, because the current of water constantly 
running over the dam, always acts upon the shore or bank of 
the river at one point, and will in time wear it away, if not 
prevented by expensive works. This difficulty is obviated 
by making tlie dam in two lengths which meet in an angle >, 
the vertex pointing up the stream. In this way the currents 
of water, coming from the two opposite parts of the dam, 
strike together, and spend their force upon each other, 
without injuring any part. A still better form is a segment 
of a circle, which has the additional advantage v}f strength, 
because if the abutments at the banks .of the river are' 
firm, the whole dam becomes like the arch of a bridge laid 
down horizontally. Hiis was the form generally used bv 
Mr. Smeaton. 

The foot of the dam where the water runs down should ,be 
a regular slope with a curve, so as to lead the water down 
regularly; and this part should be evenly paved with stone, 
or planked, to prevent the water from tearing it up when it 
moves with a great velocity. 

When the fall is considerable, it may be divided into more 
than one dam; and if the lower dam is made to pen the water 
upon the foot of the higher dam, then the watev rumiing 
over the higher dam, will strike into the water, and lose itsr 
force. There is yothing can so soon exhaust the force of 
rapid currents of water as to f^l into other water, because 
its mechanical force is expended in changing the figure of 
the water; but when it fidls upon stone or wood, its force is 
«not taken away, but only reflected to sono^e other pari; of the 
channel, and may be made to act utK>n ,such a gneat extent, of 
surface as to do no very striking injury^at any oiie time.; hot 
by de^es it wears away the banks,. and requires constant 
repairs: for it is demonstrable that, as nipph of ,the force.of 
«the water as is not carried aivay by the.riki»id motion wj^ 
which it flows, after fiassing the ; 

either in changing the figure of the water, or in wasmng 
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liway the bauks^ or in the friction of the water running over 
the bdttom. 

Itie cotton-workd of Messrs. Strutt, at Belj>er, in Derby- 
shire; are on a large scale, and the most coh^ete we have 
ever seen; in their dams and water-works, llie mills are 
turned by the water of the river Derwent, which is very 
subject to floods. The great wear is a semicircle, built of 
Very substantial masonry, and provided with a pool of water 
below it, into which the water falls. On* one side of the 
wear are three sluices, each 20 feet vidde, which are drawn 
up in floods, and allow the water to pass sideways into the 
same pool ; and on the opposite side is another such sluice, 
22 feet wide. The water is retained' in the lower pool bv 
some obstruction which it experiences in running beneath 
the arches of a bridge y but the principal fall of the water is 
broken by falling into the water of the pool, beneath the 
great semicircular wear. 

The water which is drawn off from the mill-dam above 
the wear, passes through three sluices, 20 feet wide each, and 
. is then distributed by different channels to the mills, which 
are situated at the side of the river, and quite secure from 
all floods. There are six large water-wheels; one of them, 
which -is 40 feet in breadth, we have mentioned, from the 
ingenuity of its coiistriictioii; and another, which is made in 
two breadths of 16 feet each, we have also described. '^Tliey 
are all breast-wheels. Tlie iron-works of Messrs. Walker, 
at Rotherham, in Yorkshire, are very good specimens of 
water- works; as also the Carron- works in Scotland. — ^Dr. 
Rees’s Cyclopedia and Dr. Brewster’s Ferguson. 

PKNSTOCK. 

The following is a description of a pentrough and stock for 
equalizing the water falling on water-wheels, by Mr. Quayle. 

To ensure a regular supply of water on the wheel, and to 
obviate the inconveniencies arising from *the usual mode of 
delivering it from the bottom of the pentrough, this method 
is devised of regulating quantity delivered by a float, and 
taking the whole of the water frt>m the surface. ^ 

Sectiont of the pentrough. F^. 99. A, the entrance of the 
water; B, the float, having a circular aperture in the centre, 
iif which is suspended C, a cylinder, running down in the case 
£ below the bottom of the pentrough. This is made water- 
tight at the bottom of the pentrough at F, by a leather collar 
i^ed between two plates, and screwed down to the bottom. 

The cylinder is eeeiAM to the float so as to follow its rise 
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md fall I and the water is admitted into it through the opening 
in ita sides, and there, passing through the box or case £, 
rises and issues at G on the wheel. By this means, a oni&iin 
quantity of water is obtained at G; which quantity can be 
increased ot diminished by the assistance of a snwl rack 
and pinion attached to the cylinder, which will raise or 
depress the cylinder above or under the water line of the 
float; and, by raising it up to the top, it stops the water 
entirely, and answers the purpose of the common shuttle. 
This pinion is turned by the handle K, similar to a winch- 
handle; and is secured from running down by a ratchet- 
wheel at the opposite end of the pinion axis. 

K and L are two upright rods to preserve the perpendicular 
rise and sinking of the float, running through tlie fl()at, and 
secured at the top by brackets from the sides. 

M, a board 'let down across the pentrough nearly to the 
bottom, to prevent the horizontal impulse of the water from 
disturbing the float. 

Fig. 99*. A transverse section, showing the mode of 
fixing the rack and pinion, and their supports on the float. 
The rack is inserted into a piece of metal running across the 
cylinder near the top. That the water may pass more freely 
when nearly exhausted, the bottom of the cylinder is not a 
plane, but is cut away so as to leave two feet, as at C, 
flg. 99. The float is also kept from lying on the pentroujgh 
bottom by four small feet ; so that the water gets under it 
regular^ from the first. 

Fig. 99**, An enlarged view of the cylinder, showing the 
rack and ratchet-wheel, with the clink, and one of the openings 
on the side of the cylinder ; the winch or handlb being on the 
opposite side, and the pinion, by which the rack is raised, 
enclosed in a box between them. 

MR. SMEATON’s PKNTROUGH. 

Fro. 93*. G r^resents the pentrough through which the 
water flows, and FF strong cross-beams on which it is sup- 
ported^ the wheel is situated very close beneath the b<^tom of 
the trough, as the figure shows. . £ £ are two arms of the 
wheel, which are put together, as 8 h 0 wn in fig. 110.' fi D is 
the woodra rim of the wheei; the natrow circle beyond this is 
the section of the sole puking, and on the outside of this the 
budeet-boardaare fixed as the figure shows ;.oiieof the bottom- 
hoaeds, h, of the trough at the end is indined, and an opening 
is left between that end and the other boards of the bottom^ itp 
let the water pass through; this opening is dosed hy a slhfing 
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•buttle, c, which ie fitted to the bottom of the trough, and 
can be moved backwards and forwards by a rod and 
lever e, which is fixed into a strong axis /; this axis has a 
long lever on the end, which, being moved by the miller, 
draws the shuttle along the bottom of the trough, and 
increases or diminishes the aperture through which the 
water issues. The extreme edge of the shuttle is cut 
inclined, to make it correspond with the inclined part Zr, 
and by this means it opens a parallel passage for the 
water to run through, and this causes the water to be 
delivered in a regular and even sheet; and to contribute to 
this the edges of the aperture where the water quits it are 
rendered sharp by iron plates; the shuttle is made tight 
where it lies upon the bottom of the trough, by leather, so as 
to avoid any leakage when the shuttle is closed. When the 
wheel is of considerable breadth, the weight of the water 
might bend down the middle of the trough until it touched 
the wheel ; to prevent this, a strong beam, O, is placed across 
the trough, and the trough is suspended from this by iron 
bolts which pass throiTgh grooves in the shuttle, so that they 
do not interfere with the motion of the shuttle. 

Mr. Nouaille took out a patent, in October, 1812, for a 
new method of laying water upon an overshot-wheel, (see 
fig- JWj) which he tliiis describes: — ‘‘ In my new method of 
applying water to water-wheels, I cause it to commence its 
action upon a point of the wbeel’s circumference, which is 
about 53 degrees distant from the vertex, or the highest point 
there<^,insteiid of applying it at the top of the wheel, as hereto- 
fiire coinmonlj practised for overshot- wheels. By these means 
i can have -the advantages of a large wheel in situations where 
the fall would only allow of a smaller, if the water was applied 
at the top ; thus, if there be a perpendicular of 12 feet, 1 cause 
a wheel of 15 feet diameter to be made, ami of course the 
water must be made to act upon it at a height of 12 feet, 
which is three feet perpendicular below the top of the wheel, 
and at about 53 degrees from the top, measured round its 
circumference as above stated. I make the jientrough which 
brings the water to the wheel of such a form that it delivers 
the water from the ^bottom of it through the floor, and is 
directed at such an angle as to fall into the buckets nearly 
in the direction of the wheel’s motion, which will be at an 
angle of Jb degrees with the horiaon; the shuttle or gate 
slides upon the fkxir-af the trough, so as to cover the aperture, 
and determine the rinaittky of water to be let out upon the 
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The exact manner of carrying this principle into effect is 
particularly explained by the annexed draft, which is a vertical 
section of a water-wheel on my improved plan. In.this the. 
dotted line A A, fig. 116, represents the level of the water 
at its full head, and B the level of the tail-water; therefore 
A B is the extreme fall, A C is the depth of the water in the 
pentrough. Now, instead of the common practice of making 
a wheel of the diameter equal to BC, 1 make the wheel 
DEFG one-fourth larger than BC, then the water will be 
delivered upon it at the point £. The floor C of the pen- 
trough C H Lj does not come up to meet the end H thereof, 
but leaves a small space through which the water issues in 
the direction of the dotted line 1 1, to the buckets of the 
wheel. The breadth of this space ia determined by the 
shuttle K, which lays flat upon the floor of the pentrough, 
and slides over the aperture. It is regulated by means of a 
lever N, acted upon by a screw, rack, or other adjustment, at 
M, and the water is thus delivered in a very thin and regular 
sheet into the buckets.'* 

Fig. 117 represents a method of laying on water which 
has for several years been in common use in Yorkshire and 
the north of England. In this the water is nut applied quite 
at the top of the wheel, but nearly in the same position as 
the last described; but the advantages of this wheel over all 
others is, that the water can be delivered at a greater or less 
height, according to the height at which the water stands in 
the trough ; but in all the preceding methods, if the water is 
subject to variations of height, as all rivers are, then the 
wheel must be diminished, so that in the lowest state' of the 
water it will stand a sufficient depth above the orifice in the 
bottom of the trough to issue with a velocity rather greater 
than the motion of the wheel. In this case, when the water 
rises to its usual height, or above it, the increase of fall thus 
obtained is very little advauLuge to the wheel ; the improved 
wheel can at all times take the utmost fall of the water, even 
when its height varies from three to four feet. A A is the 
pentrough made of cast-iron; the end of it is formed by a 
grating of broad flat iron bars, which are inclined in the 
proper position to dii'ect the water through them into the 
buckets of the wheel. The spaces between the bars are shut 
up by a large sheet of leather, which is made fast to the 
bottom of the iron trough at a, and is aj^plied against, the 
bars; and the pressure of the water keeps it in close contact 
with the bars, so as to prevent any leakage. This is the 
real shuttle, and to open it so as to give the required stream 
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of water to the wheel, the upper edge of the leather is 
wrapped round a smaller roller, b ; the pivots at the ends of 
this roller are received in the lower ends of two racks, which 
are made to slide up and down by the action of two pinions 
fixed u^on a common axis which extends across the trough ; 
this axis being turned, raises up or lowers dowii the roller, 
and the leather shuttle winds upon it as it descends, or 
unwinds from it as it ascends, so as to open more of the 
spaces between the bars, or close them, as it is recjuired. In 
order to make the roller take up the leather, and always draw 
it tight, a strap of leather is wound round the extreme ends 
of the rollers, beyond the part w^here the leather shuttle rolls 
upon it. These straps are carried above water and applied on 
wheels, which w'ind them up with a very considerable tension, 
by the action of a band and weight wrapped on the circum- 
ference of a wheel, which is on the end of the axis of those 
wheels. 

The water runs over the upper side of the roller, and flows 
through the spaces between the grating into the buckets of 
the wheel; the descent of the water passing through the 
bars, and afterwards in falling before it strikes the bottom 
of the bucket, is found fully sufficient to produce the neces- 
sary velocity of the water, lor a fall of four inches produces 
a velocity of more than four feet per second. 

We recommend this as the best method of"applying the 
water, as we see in all other forms that a much greater 
portion of the fall is given up in order to make the water 
flow into the wheel ; not that any such depth as is commonly 
given is at all necessary, but the aperture in the trough 
must be placed so low that the water will run through it in 
the very lowest states of the water, otherwise the wheel 
must stop at such times. — ^Dr. Rees’s Cyclopcedia. Reper-^ 
ton/ of ArtSj 1813. 

SLUICK GOVERNOR FOR REGULATING THE INTRODUCTION OF 
WATER UPON WATER-WHEELS OF ALL KINDS. 

The ingenious Mr. JQurns actually constructed for the 
Cartside Cotton Mills, the sluice governor, represented at 
figs. 118, 119, 120, and 121, which was considered of such 
advantage as to produce a saving of more than 100/. per annum. 

The motion of the water-wheel is communicated by a belt 
or rope going round the pulley I to the axis £ F, which 
carries the balls G H, fig. 118. This motion is conveyed to 
the upright shaft T, by the wheels and pinions Q, R, S, T, 
and the wheel N at the bottom of the shaft drives the wheels 

I 
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O, P, figs. 119 and 120, in opposite directions. When the 
velocity of the wheel is such as is required, the wheels Q, P 
\iiove loosely about the axis, and carry the motion no farther. 
Blit when the velocity of the wheel is too great, the balls 
G, H, separated by the increase of centrifugal forqe, raise 
the box a upon the shaft K F. An iron cross b c, see @g. 121, 
is fitted into the.box a. This cross works in the four prongs 
of the fork ebcy fig. 1 19, at the end of the lever d which 
moves horizontally round / as its centre of motion. When 
the box a is stationary, which is when the wheel has its 
proper velocity, the iron cross works within two of the 
prongs so as not to affect the lever a/c, but to allow the 
clutch q fixed at the end of the lever, to be disengaged 
from the wheels. When the cross be rises, it strikes in 
turning round the prong 3, see fig. 121, which drives aside the 
lever e/a, and throws the clutch q into the arms of the 
wheel P, figs. 1 1 9, 1 20. This causes it to drive round the shaft 
D C in one direction. When the iron cross b c, on the 
contrary, is depressed by any diminution in the velocity of 
the wheel, it strikes in turning round the prong 4, which 
pushes aside the lever e f dj and throws the clutch q into the 
wheel O. This causes the wheel O to drive the shaft in an 
opposite direction to that in which it was driven by P. 
Wow the shaft D C, which is thus put in motion, drives, bv 
means of the pinion C and wheel B, the inclined shaft B W, 
which, by an endless screw, X, working in the toothed 
quadrant Z, elevates or depresses the sluice K L, and admits 
a greater or a less quantity of water, according to the motion 

S ’ven to the shaft by the wheel P or O. This change in 
e aperture is produced very gradually, as the train of wheel- 
work is made so as to reduce the motion at the sluice. The 
celftre in which the sluice turns should be one-lhird of its 
height from the bottom, in order that the pressure of the 
water on the part above the centre may balance the pressure 
pn the part below the centre. 

MR. FERGUSOTf’s RULES FOR THE CONSTRUCTION OF 
UNDERSHOT WATER-MILLS. 

When the float-boards of the water-wheel move with 
a third part of the velocity of the water that acts upon them, 
the water has the greatest power to turn the mill : and when 
tl>e mill-stone makes about 60 revolutions in a minute, it is 
found to do its work tlia best. • For, when it makes but 
about 40 or 50 it grinds too slowly, and when it makes more 
thaii 70, it beats the meal too much, and cuts the bran so 
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small, that a great rart thereof mixes with the meal, and 
cannot be separated rrom it by sifting or boulting. Conse- 
quently, the utmost perfection of mill-work lies in making 
the train so, as that the mill-stone shall make about 60 turns 
in a minute when the water-wheel moves with a third part 
"of the velocity of the water. To have it so, observe the 
following rules : 

1 . Measure the perpendicular height of the fall of water, 
in feet, above the middle of the aperture, where it is let out 
to act by impulse against the float-boards on the lowest side 
of the undershot-wheel. 

2. Multiply this constant number 64.2882, by the height 
of the fall in feet, and extract the square root of the product, 
which shall be the velocity of the water at the bottom of the 
fall, or the number of feet the water moves per second. 

3. Divide the velocity of the water by 3, and the quotient 
shall be the velocity of the floats of the wheel, in feet, per 
second. 

4. Divide the circumference of tlic wheel in feet, by the 
velocity of its floats, and the quotient will be the number of 
seconds in one turn or revolution of the great water-wheel 
on whose axis the cog-wheel that turns the trundle is fixed. 

5. Divide 60 by the number of seconds in a turn of the 
water-wheel, or cog-wheel, and the quotient will be the 
number of turns of either of these wheels in a minute. 

6. By this number of turns divide 60, (the number of turns 
the mill-stone ought to have in a minute,) and the quotient 
will be the number of turns the mill-stone ought to have for 
one turn of the water or cog wheel. Then, 

7. As the required number of turns of the mill-stone in a 
minute is to the number of turns of the cog-wheel in a 
minute, so must the number of cogs in the wheel be to the 
number of staves in the trundle on the axis of the mill-stone, 
in the nearest whole number that can be found. By these 
rules the following table is calculated; in which the diameter 
of the water-wheel is supposed to be 18 feet, (and conse- 
quently its circumference 56f feet,) and the distance of the 
mill-stone to be five feet. 
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feet, per second. 

Velocity of the wheel, in 
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Example . — Suppose an iindersliot-mill is to be built where 
the perpendicular height of the fall of water is nine feet ; it 
is required to find how many cogs must be in the wheels and 
how many staves in the trundle^ to make the mill-stone go 
about 60 times round in a minute, while water-wheel floats 
move with a third part of the velocity with which the 
water spouts against them from the aperture at the bottom of 
the fall. 

Find 9 (the height of the fall) in the first column of the 
table ; then against that nujnber, in the sixth column^ is 70 
for the number of cogs in the wheel, and 10 for the number 
of staves in the trundle ; and by these numbers W'e find in 
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the eighth column that the niill-stoiie will make 59 tVu turns 
ill a minute, which is within half a tuni of 60, and near enough 
for the purpose ; as it is not absolutely requisite that there 
should be just W without any fraction : and throughout the 
whole table the number of turns is not quite one more or 
less than 60. 

The diameter of the wheel being 18 feet, and the fall of 
M'ater nine feet, the s^poiid column shows the velocity of 
the water at the bottom of the fall to be 24 T&ir feet per 
second ; the third column the velocity of the float-boards of 
the wheel to be 8 t^tt feet per second; the fourth column shows ^ 
that the wheel will make S^Vo turns in a minute ; and the 
sixth column shows that for the mill- stone to make exactly 
60 turns in a minute, it ought to make 7 ^ (or seven turns 
and one-twentieth part of a turn) for one turn of the wheel. 

Dr. Brewster, in the valuable Appendix which he has 
annexed to his edition of Mr. Ferguson's works, shows, that 
the principles upon which the alwve table is calculated, are 
erroneous, owing to the author having, with Desagulier and 
Maclaurin, embraced M. Parent's theory, which Mr. Snieaton, 
by repeated experiments, proved to be incorrect. 

The constant number used by Mr. Ferguson for finding 
the velocity of the water from the height of the fall, 64.2882, 
appears to be also wrong. ' For, from some recent experi- 
ments made by Mr. Whitehurst on pendulums, it is found, 
that a heavy body falls 16.087 in a second of time : 
consequently the constant number should be 64.348. 

Dr. Brewster then states, that in Mr. Ferguson's table, 
the velocity of the mill-stone is too small ; and Mr. Iinisdn, 
in correcting this mistake, has made the Velocity too great. 
From this circumstance, tlie Mill-wrights' Table, as hitherto 
published, is fundamentally erroneous, and is more calculated 
to mislead than to direct the practical mechanic. Proceed- 
ing, therefore, upon the practical deductions of Smeaton, as 
confirmed by theory, and employing a more correct constant 
number, and a more suitable velocity for the mill-stone, we 
may construct a new Mill-wrights* Table by the following 
rules : 

1. Find the perpendicular height of the fall of water in 
feet above the bottom of the mill-course, at K, (fig. 100,) 
and having diminished this number by one-half of the 
natural depth of the water at K, call that the height of the 

fall. 

2. Since bodies acquire a velocity of 32*174 feet in a 
second, by falling through 16*087 feet, and since the velocities 
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of falling bodies are as the square roots of the heights through 
which they fall, the square root of 16*087 wiU'be to the 
square roots of the height of the fall, as S£2‘174 to a fourth 
number, which will be the velocity of the water. Therefore 
the velocity of the water may be always* found by multiply- 
ing 32*174 by the square root of the height of the fall, and 
dividing that product by the square root of 16*087* Or it 
may be found more easily by multiplying the height of the 
fall by the constant number 64*348, and extracting the 
square root of the product, which, abstracting the effects of 
friction, will be the velocity of the water required. 

3. Take one-half of tha velocity of the water, and it will 
be the velocity which must be given to the float-boards, or 
the number of feet they must move through in a second, in 
order that the greatest effect may be produced. 

4. Divide the circumference of the wheel by the velocity 
of its float-boards per second, and the quotient will be the 
number of seconds in which the wheel revolves. 

5. Divide 60 by this last number, and the quotient will 
be the number of revolutions which the wheel performs in a 
minute. Or the number of revolutions performed by the 
u'hecl in a minute, may be found by multiplying the velocity 
of the float-boards by 60, and dividing the product by the 
circumference of the wheel, which hi the present case is 
47*12. 

6. Divide 90 (the number of revolutions which a mill-stone 
five feet diameter should perform in a minute) by the nuinber 
f)f revolutions made by the wheel in a minute, and the 
quotient will be the number of turns which the mill-stone 
ought to make for One revolution of the wheel. 

7. Then, as the number of revolutions of the wheel in fi 
minute is to the number of .the revolutions of the mill-stones 
in a minute, so must the number of staves in the trundle be 
to the number of teeth in the wheel, in the nearest whole 
numbers that can be found. 

8. ’Multiply the number of revolutions performed by the 
wheel in a minute, by the number of revolutions made by 
the mill-stone for one of the wheel, and the product will be 
the number of revolutions performed by the mill-stone in a 
minute. 

In this manner the following table has been calculated for 
a water-wheel 16 feet in diameter, which is a good medium 
si/.c, the mill-stone being five feet in diameter, and revolving 
90 times in a minute. 
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DR. BREWSTER’S MILL- WRIGHTS* TABLE. 

In which the velocity of the wheel is three-sevenths of the velocity of 
the water, and the ^ects offrictum on the velocity of the stream 
reduced to computation. 
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TREATISES ON MILL-WORK. 

Kt'tnsliche abriso Allcrhand, Waaser, Wind-ross, und Mand>inuhlen, &C; 
ran Jacob, de Strada a Roaborgf, 16*17. 

Goor^^ Cliristopli Luerner Macliina toreutica nova ; oder beachreibung der 
ncii erfiiridcnen Drchmilblen, 1661. 

T)it‘atruin Macbinanim Novum; daa iat^ aeu vermebrter Scbauplatz der 
Mechaiiischen Kihiatc, handelt von Allerband, Waaaer, Wind^ Ro8b> Gcwicht 
und lJnnd-inulrfen» von Geo. And. Bocklern, 1661. 

(!untenta disciiraus Mechanic^ concernentis Bescriptionem Optimae formea 
Veloniin horizontalium pro usu Molarum^ nec non fundamcntum inclinatorum 
A^elorum in Navibua» babita coram Socictatc Regia, a R. H. tranalata ex 
Collectionibus Philosophicia M. Dec. num. 3, pa. 61, 1681. 

Dissertatio Historica do Molis, qiiam praeaide Job. Phil. Trener defend. 
Jo. Tub.Milhlberger Ratiabouena Jetiea, 1695. 

Martin Marten's Wiskundige beschouwinge der Wind of Wadermoolciis, 
vergcleken met die van den beer Johann Lulofa Amsterdam 1700. 

Vollstandige Milblen-baukunst, von Leonhard Christoph. .Sturm, 1718: 

Jacob Leopold's Theatnim Machinarum Molinarum^ folio, 1724, 1725. 

Rcmarqnea aur lea Aubes on Palettea des Moulins, et autres Machines mues 
par le Courant des Rividres, par M. Pitot, Mem. Acad. Roy. Paris, 1729. 

Job. vanZyl Theatrum Machinarum Universale of Groot Algemeen, Moolcn> 
bock, &c., Amsterdam, 1734, 

Jo. Caral. Totens Disser. de Machinis Molaribus optime construendis, Lugd. 
fiatav. 1734. 

Kurze, aber Deutliclie anweisung zur construction der Wind und Wasser> 
intihlcn, von Gottfr. Kinderliug, 1735 

Desagulier’s Experimental Philosophy, 2 voU. 4to. 1735, 1744. 

Architecture Hydraolique, par M. fielidor, 4 vols. 4to. 1737 — 1753. 

Mr. W. Anderson, P. R. S. Description of a Water-wheel for Mills. Phil. 
Trans, vol. 44, 1746. 

Leonh. Eiilcri, De Constructione aptissima Molarum alatarum disp. Nov. 
Com. Acad. Petrop. tom. 4, 1752. 

M^'inoire dans lequel on d4montre que TEau d’lme Chhte, destinc^e ^ faire 
inouvoir quelque Moulin ou autre Machine, peut toujours prodnire beaiicoiip 
plus d'effet eii agissant par son poids qu'en agissant par son choc, et que le 
roues pots qui toument vite, relativement aux chhtes et aux d4pcnses d'eau, 
par M. de Parcieux, Acad. Roy. Paris, 1754. 

Jo. Alberti Euleri Enodatio Qucstlonls : quo modo vis Aque aluisve fluidi 
cum maximo lucro ad Molas circumagendiM, aliave opera perficienda im^tendi 
poBsit, pracmio k Societate Re^a. Sci. Getting. 1754. 

An experimental Inquiry concerning the Natural Powers of Wind and Water 
to turn Mills and other Machines depending on Circular Motion, by Mr. J. 
Smeaton, F. R. S. Phil. Trans. 1759. 

Tills, and Mr. Smeaton's other papers are republished with his Reports, 1813, 
in 4to. 

M^'nioirc dans Icqucl on prouve que les Aubes de Roues mues par les courans 
de grandes Rivieres feroient bcaucoup plus d'eifet si elles 4toient inclin^es 
aux rayons, qu'clies ne font dtant app]iqu4es centre les rayons ni6nies, comme 
elles sont aux Moulins pendans et aux Moulins sur Bateaux qui sent sur les 
Rivieres de Seine, de Marne, de Loire, Ac. par M. de Parcieux. Mem. Acad. Roy. 
Paris, 1759. 

Job. Albert Euler's Abhandlung von der bewegung eben^r Flkchen, wen sie 
vom Windc Gctrieben Warden, 1765. 

Schauplatz des Mechaniseben MQhlenbaues, Darinnen von Versebiedenen 
Hand,Trett, Ross, Gewicht, Wasser, und M'ind-milblen Gehandelt Wird, durch 
Johan Georg. Scopp. J. C. iter Theil, 1766. 

Thc:itrum Machinarum Molarium, oder schauplatz der MQhlcnbaukuiist, 
ala der Neuntc theil vou des sel hrn Jac. Leopolds, Theatro Machinamni, von 
Job. .Mathias Beycin, 1767, 1788, 1802. 



AND MACHINIST. 131 

A Memoir concerniiig the moit adrantageons Construction of \Valer-wLeels, 
Ac. by Mr. Mallet of Geneva, Phil. Trans. 1767. 

M^moire sur les Roues Hydrauliques, par M. le Chevalier de Borda, Mem. 
Acad. Roy. Paris, 1767. 

Kiirzer unterricht, allerley arten von Wind and Wasscr-roOhlen auf di 
vortiteilhafteste weise zu erbaucn, nebst einigen gedanker dber die verbesserttng 
des r&derwerks, an den Milhlen, von Job. K5nig, 1767. 

G. G. BischofTs BeytrSge zur Matbesis der Mbhlen, 1767. 

Determination generale de TEdet des Roues mues par le Choc de PEau, par 
M. TAbbe Bossui, Mem. Acad. Roy. Paris, 1769. 

Andreas KaovenhOfer, Deutliche abliandlung von den rildem der Wosser- 
mflhlen, und von dem einrandigen werkc der Scnncidemiihlen, 1770. 

Manuel du Mcunier et du Charpentier des Moulins, redig^ parEdm.Bequillet, 
1 775. 

Remarqiics sur les Moulins et autres Machines, oh PEau tombe en dessus 
de la Roue, par M. Lambert. 

Experiences et Rcmarques sur les Moulins que PEan meut par en bas dans 
une Direction horizontale, par M. Lambert. 

Remarques sur les Moulins et autres Machines, dont les Roues prenant 
I'Eau k une ccrtainc Hauteur, par M. Lambert. 

(The three last articles are inserted in Mem. Acad. Roy. Berlin, 1775. 

Aiisfiihrliche erklkrung der VorschlSge fur die Lllngere dauer de Mublen- 
werk, nebst ahnlichen gegenstander, in ein gespr&ch verfasset, von Johann 
Christian Fullmann Muhlenmeister, 1780. 

Tratado de los Graiios y Modo de Molelos con Economic de la Consenraclon 
de Astos y de las Marinas; escr. en Fr. par M. Beguillet y extract, y trad, al 
Cast, conalgun Notas y un Supplem. por Ph. Marescaulchi, Madrid, 1786. 

Suite de PArchitecture Hydraulique, par M. Fabre, 1786. 

M^iuoires sur les Moyens de perfect;onner les Moulins, et la Mouturo 
^conomiqiie, par C. Bucquet, 1786. 

Manuel ou Vocabulairc des Moulins k Pot, k Amst., 1786. 

Dio Notliigsten Kenntnisse zur Anlegung, Beurtheilung, und Berechniing 
dor Wasser-mulilen, and zwar der Mahl, Oebl, und S&ge>Muhlen, siir AnflLngcr 
und Liebhabcr der MOhlcnbaukunst, von Joh. Christ. Ho]th, 1787. 

An Essay proving Iron far superior to Stone of any kind for breaking and 
grituliug of Corn, Ac. by W. Walton, 1788. 

Muhlenpraktik, oder unterricht in dem Mahlen der BrodfrOchte, fiir Polizey- 
beainte, GavCrkslente und Hauswirthe, von L.Ph. Hahn, 1790. 

The Young MilUwright and Miller’s Guide, by Oliver Evans, Philadelphia, 

17 ^ 0 . 

Manuel du Meunicr, et du Constructeur des Moulins k Eau et k Grains, par 
C. Bucquet, 1791. 

Praktische anwoisungzum Muhlen bau, von Lr. Clausen; 1792. 

Bcscbrcibiing zwoir Machinen zur Reinigung des Korns, von Lr. Clausen, 
1792. 

Jnstriictions siir PUsage des Moulins k Bras, inventus et perfectionnds par 
les Citoyens Duraud, Pkro ct Fils, Mechaniciens, 1793. 

Thcoretisch-praktische abliandlung ttber die Bessening der Miihlrmer, von 
dem Verfasser der Zweekmilssigen, Luftreiniger, Ac. 1795. 

A Treatise on Mills, in four parts, by John Banks, 1795. 

Handbuck dor Maschinenlebre, sur prakiker und mkademische lehrer, von 
Karl Christian Langsdorf, 1797, 1799. 

On the Power of Machines; including Barker's Mill, Westgarth's Engine, 
Ceteris Mill, Horizontal Water-wheel, Ac. by John Banks, 1803. 

The Experienced Mill-wright, by Andrew Gray, Mill-wright, 1804. 

The Transactions of the Society of Arts and Manufactures ; several of the 
volumes of which contain improvements in Mill-work. 

See also the Repertory of Arts, first series 16 vols. and second series 31 vols. 

Hachette, Traits Eiementaire des Machines, 4to. Paris, 1811. 

Buchanan's Essay on Mill-work, 1811> 8vo. 



122 


TllB Ol'ltllAt'IVJi MECHANIC 


WINDMILLS. 

The windmill derives its name from the motion it receives 
from the impulse of the wind. *** 

The date of its invention is not precisely known^ though 
authors generally concur in believing it to have taken place 
at no very distant period of time. -Some state it to have 
been first used in France in the sixth century: others^ on the 
contrary, assert, that at the time of the crusades it was 
introduced into Europe from the east, where scarcity of 
water gave the impetus that led to its discovery. 

Windmills are of two kinds, horizontal and vertical. 

THE VERTICAL WINDMILL 

Consists of a strong shaft, or axis, inclinfing a little upwards 
from the horizon, with four long yards, or arms, fixed to the 
highest end, perpendicular to the shaft, and crossing each 
other at right angles. Into these a^rms are mortised several 
small cross-bars, and to them are fastened two, three, or four, 
long bars, running in a direction parallel with the length of 
the arms; so that the bars intersect each other, and form a kind 
of lattice work, on which a cl6th is spread to receive the action 
of wind. These are called the sails, and are in the shape 
of a trapezium, usually about nine yards long and two wide. 

a\s the direction of the wind is very uncertain, and 
perpetually changing, it becomes necessary to have some 
contrivance for bringing the windshaft and sails into a 
position proper for receiving its impression. To effect this, 
two methods are in general use': the one called the post-mill; 
the other the sinock-mill. 


POST-MILLS. 


In the poet-mill it is accomplished by driving perpendicularly 
into the earth the trunk of a strong tree, that is held securely 
upright by several oblique braces, which extend from a 
platform on the ground to the middle of the tree, leaving 10 
or 12 feet of the upper part free from the braces. The part 
thus left free from obstruction is rounded, and made to pass 
through a circular collar, formed in the flooring of the lower 
chamber, and to enter into a socket fixed' into, the flooring of 
the upper chamber, and to one of the strongest Oros^-beams, 
which must sustain the whole weight of the mill-house, so 
that, by means of a pivot, or radgeon, fastened on that part 
of the post which enters into tne socket, the whole machine 
can turn about Horizontally to face the wind. A strong 
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framing, miited by joints to the back part of the mill-house, 
descends in a sloping direction till it touches the groimd: 
the bottom of it is very heavy, and is fastened by cords to 
some short posts that are driven in a circle, at regular intervals 
round the mill, to prevent the mill from turning about at 
every sudden squall. This framing is furnished with steps 
to serve as a ladder of ascent or descent. At the bottom of 
it a rope is fastened, and carried thence in an inclined position 
to the top of the mill, where, by a lever or tackle of pullies, 
it can be shortened so as to raise the framing from the 
ground, and then by pushing against it, in the manner of a 
lever, the whole mill may be turned in any required direction. 
To obtain more force, a small capstan is often provided to 
draw a rope fixed to the end of the ladder : this capstan is 
movable, and can be fastened at pleasure to any one of the posts. 

The intCTDal mechanism of a post-mill is exhibited in fig. 123. WX Y 
the upper chamber ; X Y Z the lower one ; A B the shaft, or axis, with the 
cog-wheel G, moving round in order of the letters that describe the sails 
C D E F, giving motion to the lantern H, and its spindle I K ; L M » a 
bridge to suj^ort the said spindle ; and N and O P are beams to sustain 
the bridge. Tlie top mill-stone Q is the only one that moves, and is fixed 
on the spindle I K by a piece of iron, called the rynd, let in at the lower 
part of the stone ; the lower mill-stone li, is somewhat larger than tlie 
other. The corn is put into the hopper S, and runs from thence along the 
spout T; the spindle I K, being square, shakes in its revolutions the 
spout T, and causes the corn to fall through the hole V between the stones; 
where it is ground; the flour then passes through the tunnel a 6, and is 
finaClly deposited in the chest c; de ls a. string going round the pin d, and 
serving to draw the spout T nearer to, or farther from, the spindle I K, that 
the corn may be made to run out either faster or slower, according to th<! 
velocity of the wind; fg and hi are levers, whose centres of motion are/ 
and tn; i In p is a cord going about the pins / and n to wind up and raise 
the stone Q. By bearing down the end rh, g is raised, which raises the 
perpendicular N O, the perpendicular raises the cross-beam O P, the cross* 
beam the bridge L M and the spindle I K, together with the upper mill- 
stone Q, so that the stones can be set at any required distance apart. Tlie 
corn is drawn up to the top of the mill by means of a rope rolled about the 
axis A B ; gr is a ladder for ascending to the higher part of the mill. A 
girt or gripe of pliable wood is fixed at one end s, and at the other tied to 
5ie- lever t v, movable about at w, which being pressed down stops the 
motion of the mill at pleasure. When the wind is great, the sails are only 
in part, or on one side covered, and sometimes only one-half of two 
opposite sails. The same shaft can have another cog-wheel fixed to the 
end B, with trundle and mill-stones similar to those already described : 
by which means the shaft can turn two pair of stones at once ; and when 
one pair only is wanted to grind, the lantern H and spindle 1 K are taken 
out from the other. 

SMOCK-MILL. 

The other method of bringing the^ windshaft and sails into 
a position proper for receiving the impression of the wind is, 
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by what h called the stiiock mill. This mill is more expen 
sive in the construction^ and more decidedly advantageous^ 
as it can be made of any required dimensions. It is built in 
the form of a round turret, having at the top of it a wooden 
ring with a groove in it, furnished with a number of brass 
truckles, kept cqui-distant from each other by their centre 
pins being fixed into a circular hoep. Into this groove the 
nraming of the upper r mjvable part d the mill, which is 
called the head, or cap, enters, and a very slight power is 
alone sufficient to turn it about that the sails may receive the 
action of the wind. The head or cap is very ingeniously 
contrived to turn itself about whenever the wind changes, 
by a small pair of sails, or fans,' fixed up in a frame that 
projects from the back part of the head. 

Fig. 124, a the fans, having on its axis a pinion of 10 leaves b, which 
gives motion to a cog-wheel of 60 teeth c, its axis d, and a pinion of 
12 teeth at the lower end e, turning a bevelled wheel of 72 teeth f, a vertical 
iron shaft ff, haying a pinion of 11 teethe, that works in a circle of 120 
cogs. Therefore,' whenever the wind changes, it acts obliquely upon the 
vanes of tlie fan, and turns it round, > 'lich, giving an iinpu^''>e to the 
connecting machinery, brings the main shaft of the sails slowly about to face 
the direction of the wind, llie method of tins operation is as follows : the 
fans, having received the action of tliewind, turn '’ound, and the pinion b of 
10 leaves, that is upon its axis, gives motion to the cog-wheel of 60 teeth 
Cf fixed on an inotiiicd axis which has at the lower end the pinion of 
12 leaves e, acting upon the bevelled wheel of 72 teeth/, fixed on a vertical 
iron axis, and giving motion to the pinion of 1 1 teeth A, that works in the 
circle of 120 cogs. All two of the sails (the other Iwo being endwise 
cannot be seen) fixed on an iron shaft or axis C D, by screwing them to 
an iron cross formed at one end of it. Upon this shaft is tlie cog-wheel £, 
that acts upon the lantern F, fixed on a strong vertical shaft extend ir 7 from 
the top to the bottom of the mill, and having on the T jwer end the large 
wheel i i, giving motion to the two opp-^-site pinions k k, which turn the 
spindles and the mill-stones G 11. A wheel is fixed on the main axis at I, 
to give action to the pinion on the horizontal roller m, which has a rope 
wrapped about it to wind up the sacks of corn. The wheel I turns 

another horizontal axis that lias several wheels to receive endless ropes for 
turning the bolting and dressing machines. On the middle part of the 
vertical shaft K L is the wheel 1, which turns the roller m> to draw up the 
sacks of corn from the lower part of the mill, which is used as a storehouse ; 
being divided into as many compartments as the miller may require. To 
the mill-stone spindle is attached a pair of regulating balls, to regelate the 
velocity of the mill. For the manner of applying this regulator see 
fig. 125, /a spindle, on which is fixed the pinion h, playing into the large 
wlieel that is attached to the vertical shaft; the lower end of the spindle 
enters into a square formed on the top of the mill-stone axis at m ; imme- 
diately beneath the pinion two iron rods are jointed, bending downwards, 
having a heavy iron ball 0 o fastened to the end of each ; to these rods ire 
attached two links at pp, to suspend a collar capable of sliding freely up 
and down upon the spindle I ; this collar is embraced by a fork, formed on 
a steelyard, lying horizontal, and suspended by the fulcrum q ; r is an iron 
rod fixed at the extreme end of the steelyard, and having at the bottom an 
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iron hook to connect it with the lever wliose fulcrum is t ; this^ by means 
of an iron rod, suspends one end of the bridge on which the lower pivot of 
the mill-stone rests, the other end bearing on a fulcrum, or centre. 

Whenever the mill acquires velocity, the iron balls, by their centrifugal 
force, will fly out, and elevate the collar, which, acting upon the connecting 
parts, will let the upper mill-stone down nearer to the lower one, and the 
resistance or friction thus caused will counteract the increased velocity of 
the wind. On the contrary, if the wind decreases, the balls will &!! 
towards each other, and let down the sliding collar, which will raise the 
top mil I -stone, and by increasing the distance between it and the lower 
one cause the'mill to acquire greater velocity. For this purpose a weight v 
is hung upon the steelyard, sufficient to raise the stone whenever the 
descent of the collar will permit it so to do. Several notches are cut into 
the steelyard for different positions of the fulcrum q and rod r, to regulate 
more effectually the motion of the machinery. For instance, if the wind 
should blow stronger, and the mill go slower, cojitrary to the.effect expected, 
it shows that the regulation is too strong : t« remedy this, the leverage of the 
balls must be increased by reducing the distance between the fulcrum q 
and the rod^r, by shifting either of them into different notches. On the other 
hand, if the velocity of the mill should increase with the velocity of the 
wind, it shows that the regulation is not strong enough, and that’ the 
fulcrum 7 and the rod r must be set a greater distance apart. Sometimes 
It happens that the whole limits of the notches on the steelyard is insuffi- 
cient to effectuate the desired object ; in such case, the acting length of the 
lever 8 8 must be increased or diminished by removing the fulcrum f to a 
greater or less distance from the suspended rod v. 

In fig. 1 26 is shown the construction of the horizontal shaft or axis that 
bears the sails. It is an octagonal iron shaft, having two cylindrical necks, 
e and d, where it rests upon its bearings. At the end it has a kind of box 
which has two mortises, e and /, through it in perpendicular directions, to 
receive the sails. At the back of one of these mortises, and the front of the 
other, a projecting arm is left in the casting to receive screw bolts for 
holding the sails secure in the mortises. The sails are braced to each arm 
by a rope stay, proceeding from the end of a pole, fixed at the end of the 
cast-iron axis. Each sail is formed of a sail cloth, spread upon a kind of 
lattice work, similar to that described under the head of Post-mill. The 
plane of this frame is inclined to the plane of the sail’s motion, at such an 
angle, that the wind blowing in the direction of the axis acts upon the sails 
as inclined planes, and turns them about with a power proportionate to the 
size of the sails and the force of the wind. The cog-wheel is fixed on the 
axis by bolting its arms against the stanch marked C. The mill-stones are 
the same as those described under the head of Flour-mill. 

Parent, Euler, and other geometricians have written much 
upon the nature and construction of windmills; but as we 
consider the experiments and researches made by our own 
countryman Smeaton to be far superior in point of practical 
utility, we shall content ourselves with giving his opinion 
as to the shape, magnitude^ and position of the sails. 

By Mr. Smeaton’s experiments it appears, that when the 
sails w^ere set at the angle of 55 degrees with, the axis, 
proposed as the best by M. Parent and others, they were the 
most disadvantageous of any that were tried by him. 
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On increasing the angle of tiie sails with the axis from 72 
to 7^ degrees, an augmentation of power was .produced in 
the ratio of 31 to 45^ and this proves to be the angle most 
commonly in use when the surfaces of the sails are planes. 

If nothing more were requisite than to make the mill 
acquire motion from a state of rest, or to prevent it from 
passing into rest from a state of motion, the position recom- 
mended by M. Parent would be the best; but if the sails are 
intended, with (pven directions, to produce the greatest 
effect possible in a given time, we must reject M. Parent's 
position; and, if use be made of planes, confine our angle 
within the limits of 72 and Jb degrees with the axis. 

The variation of a degree ortwo in the angle makes very little 
difference in the effect, whgn the angle is near upon the best. 

Mr. Smeaton made several experiments upon a large scale, 
and found the following angles to answer as well as any. 
The radius is supposed to be divided into bix parts, and one- 
sixth, reckoning from the centre, is called one, the extremity 
being denoted six. 


Angle with Angle with the 

No. theaxh. plane of the motion. 

1 72® 18 

2 71 19 

3----- - 72 ------18 middle 

4 74 16 

5 77§ 12§ 

6----- - 03 - -- -- - 7 extremity. 


Having thus obtained the best position of the sails, or 
manner of weathering, as it is cdled by the workmen. 
Mr. Smeaton next proceeded to try what advantage could be 
made by an addition of surface upon the same radius. The 
result was, that a broader sail requires a greater angle ; and 
that when the sail is broader at the extremity than near the 
centre, this shape is more advantageous than that of a 
parallelogram. The figure and proportion of the enlarged 
sails he found to answer best upon a large scale, where the 
extreme bar is one-third of the radius, or whip, and is divided 
by tbe whip in the proportion of 3 to 5. The triangular, or 
leading sail, is covered with board, from the point downwards, 
one-third of its height, the rest with cloth as usual. The 
angles mentioned in the preceding article are found to be the 
best for the enlarged si^s also; for in practice it is found, 
that tbe saib bad better have too little than too much wind. 

Bdany persons have imagined that the more sail the greater 
tbe advantage, and have therefore proposed to fill up the 
whole area, and by making each sail a sector of an ellipsis. 
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according to M. Parent, to intercept the whole cylinder of 
wind, and thereby to produce the greatest effect possible : 
but from our author’s experiments it appears, that when the 
surface of all the sails together exceeded seren*eigbAs of 
the circular area containing them, the effect was rather 
diminished than au^ented; and consec^uently, he concludes, 
that when the whole cylinder of wind is intercepted, it does 
not then produce the greatest effect for want of proper 
interstices to escape. 

It is certainly desirable,’* savs Mr. Smeaton, that the 
sails of windmills should be as short as possible, but at the 
same time it is equally desirable the quantity of cloth should 
be the least that may be, to avoid damage by sudden squalls 
of wind. The best structure, therefore, for large mills, is 
that where the quantity of cloth is the greatest in a given 
circle that can be : on this condition, that the effect holds 
out in proportion to the quantity of cloth; for otherwise the 
effect can be augmented in a given degree by a lesser 
increase of cloth upon a larger radius, .than would be 
required if the cloth were increased upon the same radius.” 

The ratios between the velocities of windmill sails unloaded, 
and when loaded to their maximum, turned out different in 
dilVorcMit experiments, but the most general ratio of the whole 
V as as 3 to 2. In general, however, it appeared, where the 
power was greater, whether by an enlargement of surface, or 
a greater velocity of the wind, that the second term of the 
ratio was less. 

The ratio between the greatest load that the sails will bear 
without stopping, or what is nearly the same thing, between 
the least load that will stop the sails, and the load at the 
maximum, were confined between that of 10 to 8, and of 10 
to 9; and at a medium about 10 to 8.3, or of 6 to 5; though 
it appeared on the whole, that where the angle of the sails or 
quantity of cloth was greatest, the second term of the ratio 
was less. 

The following maxims have been deduced by Mr. Smeaton 
from his experiments : 

Maxim 1. The Telocity of the windmill seils, whether unloaded or loaded, 
80 to produce a maximum, is nearly as the velocity of the nvind, their 
shape and motion being the same, t 

Maxim 2. The load at the maximum is nearly, but somewhat leas than, 
squ^e of the velocity of the wind^ the shape and position of the 
sails being the same. 

Maxim 3' The effects of the same sails at a maximum are nearly, bilt 
spinewhat less than, as the cubes of the velocity of the wind. 

Maxim 4. The load of the sane sails at the maximum is nearly as the 
squares, and their effects as the ouhes. of their nuuther of turns in a guren time. 
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Maxim S. ^^tlen the sails are loaded so as to produce a maxifflum at a 
givea Telocity, and the velocity of the wind increases the load containing 
the same : first, the increase of effect, when the increase of the velocity of 
the wind is smaller, will be nearly as the squares of those velocities; 
secondly, when the velocity of the wind is double, the effects will be 
Learly as 10 to 27f ; but thirdly, when the velocities compared are more 
than double of that where the given load produces a maximum, the effects 
increase nearly in a simple ratio of the velocity of the wind. 

Maxim 6. If sails are of a similar figure and position, the number of 
turns in a given time will be reciprocally as the radius or length of the sail. 

Maxim 7. The load at a maximum that sails of a similar figure and 
position will overcome, at a given distance from the centre of motion, will 
oe as the cube of the mdius. 

Maxim 8. The effect of sails of similar figure and position are as the 
square of the radius. 

Maxim 9. The velocity of the extremity of Dutch sails, as well as of the 
enlarged sails, in all their usual positions when unloaded, or even loaded to a 
maximum, are considerably quicker than the velocity oi thc wind. 

Mr. Ferguson remarks, that it is almost incredible to 
think with what velocity the tips of the sails move when 
acted upon by a moderate wind. He several times counted 
the number of revolutions made by the sails in 10 or 16 
minutes ; and, from the length of the arms from tip to tip, 
has computed, that if an hoop of the same size were to run 
upon plain ground with equal velocity, it would go upwards 
of 30 miles in an hour. 

RULBS FOR MODELLING THB SAILS OF WINDMILLS. 

Fig, 127 is a front view of one of the four sails of a windmill. 
The letters of reference will serve to explain the terms made 
use of in the following description: 

1 . The length of the arm, or whip A A, reckoned from the centre of the 
great shaft B to the outermost bar 19, governs all the rest. 

2. The breadth of the face of the whip A, next the centre, is one-thirtieth 
of the length of the whip, its thickness at the same end is three-fourths of 
the breadth, and the back-side is made parallel to the face for half the 
length of the whip, or to the tenth bar ; the small end of the whip is square, 
and at its end is one-sixtieth of the length of the whip, or half the breadth 
at the great end. 

3. From the centre of the shaft B to the nearest bar 1 of the lattice, is 
one-seventh of tlie wliip ; the remaining space of six-sevenths of the whip 
is equally divided into 19 spaces, so as to make 19 bars; one-ninth of one 
of these spaces is equal to the mortises for the bars,, the tenons of which 
are made square where they enter and go through the whip, and conse- 
quentW the mortises must be square also. 

4. To Dieppe the whip for mortising, strike a gage-score at about three- 
fourths 01 an inch from the face on each side, and the gage-score, on the 
leading side 4, 5, will give the face of all the bars on that side ; but oil 
the other side, the faces of all the bars will fall deeper than the gage-score, 
according to a certain rule. To find the space to be set off for this purpose 
for each bar, construct a scale in the following manner : 

5. Extend the compasses to any distance at pleasure, so that six times 
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that eitent may be greater than the bieadth of the whip at the terenth bar • 
set those SIX spac^ off upon a straight line for a base, at the end of which 
raise a perpendicular ; set off three spaces upon the perpendicular, and divide 
the two spaces that are farthest from the base line into six equal parts each 
so that this quantity of two spaces may be equally divided into 12 spaces' 
marke^l out by 13 points; from each of these points draw a line to i}i 
opposite end of the base, as so many rays to a centre, and thi^scale is finished 

6. To apply this scale to any given case, set off the breadth of the whip 
at the last bar, (that is, the bar at the extremity of the sail,) from the 
centre of the scale along the base towards the perpendicular; and at this 
point raise a perpendicular to cut the ray nearest to the base ; also set off 
the breadth of the whip at the seventh bar in the same manner, and at this 
point erect another perpendicular to cut the thirteenth radius. From the 
intersection of the perpendicular (drawn upon the breadth of the last bar) 
witli the first of the thirteen radii, to the intersection of the other perpendi- 
cular with the thirteenth radius, draw an oblique line cutting all the rest 
and the distances of each of these last-mentioned points of intersection from 
the base line is the space which the face of each bar is distant from Uie gage- 
line on the driving side. 

7. These distances give a difference set off for each bar till the seventh, 
which same must be set off for all the rest to the first. 

8. These mortises must be square to the leading side of the whip. 

9. When the mortises are cut, let the face of the whip be sloped off so as 
to agree with the face of the bars in every part. 

10- Two-fifUis of the whip are the length of the last or longest bar. 

11. Five-eighths of the longest bar must be on the driving side of the 
whip, and three-eighths on the leading side, each being reckoned from the 
middle of the whip. 

12. The proportion of the mortises already given determines the size of 
the bars at the mortises, but their thickness must be diminished each way, 
so as to be only one-half at the ends; but the face must be kept of equal 
breadth all the way. 

13. The leading side goes no farther than the fourth bar, and there only 
projects one-third of the projection of the last bar. 

14. All the bars on the driving side are made hollowing in the arch of a 
circle, which begins to spring one-third of the length of the bars on- the 
driving side from the whip ; and the sweep is such, that if a straight line l^ 
applied to the face of the bar from the whip to the end, the face of the bar 
should leave the straight line about the breaath of the bar. 

15. There ought to be three uplongs, as 3, 2, 10, to the driving, and 

two to the leading side, as 5, 4, to strengthen the lattice. Dr. Rees's Cyclop€Bdia. 

Mr. Richard Hall Gower^ a gentleman in the sea-servjce of 
the East India Company^ has made some judicious experiments 
with a view of determining the proper angles of weather which 
ought to be given to the vanes of a vertical windmill : his 
general conclusion is^that each vane should be a spiral^ gene- 
rated by the*circular motion of a radius^ and of a line moving 
at right angles to the plane of a circular motion. The con- 
stnictioii he deduces from his inquiries is simple, being this: 

He len^h^ breadth^ and angle of weather at the extremity 
of a vane being given ; to determine the angles of weather at 
different distances from the centre, 

X 
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tiet AB| iig. ^29f b« the length of the vane; BC its breadth; and 
BCD the angle of the vreather at the extremity of the vane, equal to 
20 degrees. With the len^h of the vane A B, and breadth B C, construct 
the isosceles triangle ABC: from the point B draw B D perpendicular to 
C B, then B D is the proper depth of the vane. 

Divide the line A B into any number of parts, (five for inibnce,) at those 
divi^ons draw the lines 1 £, 2 F, 3 6, ana 4 H, parallel to the line B C ; 
also, ih>m die ]5bints of division 1, 2, 3, and 4, draw the lines 1 1, 2 K, ^3 L, 
and 4 perpendicular to 1 £, 2 F, 3 6, &c. all of them equal in lengUi 
to BD. Join £1, FK|GXi, and HM: then the angles 1£1, 2FK, 
3 G L, and H M, are the angles of weather at those divisions of the vane ; 
and if the triangles be conceived to stand perpendicular to the plane of the 
paper, the angles I, K, L, M, and becoming the vertical angles, the 
hypothenuse of these triangles will, as before suggested, give a perfect idea 
of the vteatheiing of the vane as it recedes from the centre. 

METHOD OF CLOTHtBG AND UNCLOTHING THE SAILS WHILE IN 

MOTION. 

Mr. John Btwatbr^ of Nottingham^ took out a patent in 
1804, for a method of clothing and unclothing the sails of 
windmills while in motion, by which the mill may be clothed 
either in whole or in part, in an easy and expeditious manner, 
by a few revolutions of the sails, whether they be going fast 
or slow, leaving the surface smooth, even, and regular in 
breadth from top to bottom ; and in like manner the cloth, 
or any part of it, may be rolled or folded up to the whip at 
pleasure, by simple and durable machinery. 

Fig. 130, Nos. 1, 2, 3, are front views of the sails as unclothed, half- 
clothed, ahd dothed. 

Fig. 131, a ring of iron, or other material, about 4 inches wide, and f of 
an inch thick, whose diameter must be sufficient to embrace the shaft-head, 
to which it must be well secured by the stays a a. 

Fig. 132, a bevelled wheel, without arms, made of iron, stayed on the 
cd'go of the ring so as to turn easily. 

Fig. 133, a spur wheel of iron, without arms, made to turn easily on four 
pins fixed into four ears bbbbf in the back of the ring ; which pins are 
turned up at their ends to keep it steady. 

' Fig. 134 is one of the four kpindles of iron, or other material, with a 
Spur nut a, and a bevelled nut 6; this spindle passes through fig. 131 at 
ecce, and tim* nut a works into the spur-wheel as seen in fig. 135, aaaa. 
The four bevelled nuts (fig. 134) work into the bevelled wheels at the end 
of four cylinders lilt fig. 130, Nos. 1, 3, And so turn them ; and two 

of these roindles must be shutter than the otheia When the stocks are not 
flush. These cylinders are made of wood of about 3 inches diimeter, 
and are to be placed at the outside of the leading edge of each sail, round 
which the doth is roiled (one edge heinig fastened on for that purpose) 
When the sail is undotbed. A gudgeon from the end bf each ^Imder 
runs into an iron fiistened to the shanUhedl^ and is k^t in its place by a 
nut screwed to its end. The other end has a gudgeon 3, which tume in 
the eye of the cross iron h, at the points of the whips ;///f four cylinder, 
similar to Hit, plgc^ on the inside the whips; one bemnd each sail to 
doihe the ssiB,by ifi^nkof rop^s fadenedtothem and the edge 

of the cloth. At the end of each of tKlM'four cylinders a nut or wheel is 
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fixed, eeee, to work into the bevelled wheels ilg. 133, whose teeth 
decline firom the centre in proportion as these work from it, which 
declination must be reversed when the sails turn in the contrary way, and 
gudgeons to run into irons either projecting from the ring or ^tened to the 
«shaflb-head like the other cylinders. The. gudgeons g keep these cylinders 
steady in the cross iron h at the point of the whips, and stays of any shapa 
or number will keep them from springing. 

Now, suppose the mill fully clothed, as at 3^ all the parts of the 
machinery revolve with it undisturbed until a lever, fig. l36, which is 
fastened to the braces or fencing by theeentre pin a, fig. 137, on which it 
turns, and whose end b is weig^hted to hang down towards the breast of 
the mill, is brought into an horizontal direction by pulling a string attadied 
to the end a within-side the mill, which end b stops the stud projecting 
from the inner surface or back-front of the spur-wheel, fig. 135 ; conse- 
quently the four spur-nttts a,^t the end of the spindle, fig. 134, and seen at 
a a a Of fig. 135, roll round the spur-wheel, and die bevelled nuts 5 at the 
other end of the spindle work into the bevelled wheels, of the outside 
cylinders t i i i, at 1, 2, 3, in a straight direction behind them, and so 
turning the cylinders roll the cloth on them till it is rolled up to the whip. 
The lever is then driven sideways (its spring c retuniing it again) from 
the stud in the back face of the spur-wheel by the following cymtrivance : 

A screw, b, fig. 138, is cut on the gudgeon of any one of the cylinders 
behind the sail, and a piece of iron, c, is t^ped to fit it. The end of this 
iron runs into a slot in the iron d, made fast to the shaft-head, to prevent 
the iron c from turning with the cylinder, but allows it to slide up and 
down so as to press on tliat on the iron o, which has the eye in it, and 
raises the end a just high enough to drive the lever aside when the cloth 
is all rolled up, the thread of the screw adjusting it to what number of 
revolutions you choose to employ for that purpose. The point-end of the 
iron a, is that part of it which pushes aside and passes the lever, fig. 136, 
and moves on its centre c, and must be carried under the spur-wheel so as 
to act behind it for that purpose. By letting go the string the miller may 
at any time leave the clotn on the sail where he chooses, likewise the sails 
may be clothed, or any part thereof, by a lever, similar to 0 , stopping the 
stud a, on the edge of the bevelled wheel, fig. 132, and driven ofi* in a 
manner similar to the spur-wheel. 

Fig. 139 is a stay ot wood, fixed to the stock or whip at n it n n, 1, 2, 3, 
to prevent the cylinders from springing too much. In the inside there is 
left room enou^ for the cloth to be rolled upon the cylinder through its 
lips in the eye of this stay. In order to keep the strings, which go over the 
edge of the shrouds 0000 , &c. tight in all weathers, a cord, passing over 
a spring of any sort or shape, placed under the sail, is fastened to and 
wound about the upper ends of the cylinders, in a direction contrary to the 
strings and cloth. To prevent the strings from being driven downwards by 
the centrifugal force, a ring or two are left on to run along the rods in the 
old manner as p, Nos. 2, 3. 

The width of the clotfa^ diameter of the cylinders^ and 
number of revolutions you choose to employ to roll up your 
doth, must determine the size of the wheels. In order to 
fold the cloth instead of rolling it, one end of it must be 
fastened to the whip and lines passed across the outside of it 
tfarou^ loc^s fastened to^Hs edge, and consequently over 
the edge of the shrouds, and coimected with the cyliMer or 

k2 
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roller^ of any shape, placed under the sail, or elsevrbere, the 
other ends of the lines must be connected with th^ said 
cylinder or roller; and when the cloth is drawn up in folds 
towards the whip, so much of these lines will be rolled or 
th^ cylinder one way, and off from it the other, as will be 
sufficient to let out the cloth again when the same cylinder, 
turning the contrary way, draws the cloth on the sail. By 
this mode the patentee ^ts rid 'of four cylinders, with their 
appendages, the work bemg in other respects the same as in 
rolling the cloths; but since folding gives a surface much 
inferior in many respects to rolling, and induces incon- 
▼eiiiences and accidents from which the rolled surface is free, 
he advises the rolling, rather than for a small saving to endure 
the inconveniences of folding. 

If a sudden gust of wind should arise in the absence of the 
miller, so as to drive the mill faster than a riven velocity, a 
pair of centrifugal balls, like the governor of a steam engine^ 
may be so placed as to adjust the lever so that it may 
immediately unclothe itself. 

BAINKS’S VBRTICAA WINDMILL SAILS. 

Mr. Robert Raines Baines, of Myton, Kingston upon 
Hull, secured to himself in June 1815, by patent, an improve- 
ment in the construction of vertical windmill sails. 

Fig. 140 represents six sails; the stocks or arms marked A are the same 
as used for common vertical windmills; the sails marked B are made of 
canvass, and fastened to the front sides of the said stocks or arms along the 
edges marked a, a, and to the rods or bars marked D, at or near the point 
marked b, and are also extended by the rods or bars marked £, whicn are 
inserted into or fixed to the backs thereof, and by rods or bars marked m, 
which are inserted into or fastened to the edges of the said sails; each sail 
is also connected by a bar or rod marked F, as hereinafter described, 
with the next following sail. Ihe shafts or rods marked C are fastened to 
the stocks or angs marked A, at or near d, d, by loops or otherwise, so as 
to allow them to move as hinges do. The bars or rods marked D are each of 
them connected with the shafts or rods marked C by a joint, which will 
allow the said bars or rods marked D to move from the wind independent 
of the shafts or rods marked C, in case it should blow against the back sides 
of the said sails, but will not allow the said bars or rods marked D to move 
from the wind independent of the said shafts or rods marked C, when the 
wind blows against the front sides of the said sails. The bars or rods 
marked F connect the comers marked e of each sail with the comer of the 
next following sail at or near the point marked b, leading behind such 
following sail, and which bars or rods are fastened by hooks, or other proper 
means, at or near their points, bent to such an angle that if the wind 
Aould blow against the back sito of the said sails and fbroe them fbrward, 
the said bars or rods will be unhooked and set at liberty A lim or circle 
marked O is fixed by screws or otherwise .upon the said stocks or arms 
mairked A, fbr the purpose of supporting the fulcra or props marked H. 
At X it represented the head or end of a rod or bsir which passes through 
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Ulc ecAtrs of the sxletree of the mUlj and to which weight may be applied, 
in the manner well known to mUl-wrigbis, to regulate the saia t m jU t 
Co#afd9 or from the wind. The bars or cranks marked K are fixed to the 
id»fts or rode marked C, at such an angle, and in sudb a manner as will; 
•when and as they are acted upon by the lerers or bars marked L, ei^er 
suflfer the said bars or cods marked D and the sails to recede jfrom the wind 
until the said sails present only their edm to it, or will ibpse the said 
bars ur rods marked D towards the wind, until th^ present to it their 
breadth. Th^Teveis or barll marked L are connected at one of their ends 
with the head of the aforesaid rod marked I, and at the other ends with the 
bars OF cranks marked K, and form leTem resting or actina upon the fulcra 
or props marked H, and are goyemed or regulated in their action by die 
said rod, the head of which is shown at I. The said rods, bars, cranks, 
loops, and rim, may be made of iron, or other suitable material or materials, 
and connected at their proper places by joints or otherwise, (so as to fix 
them or allow their action,) by modes well known to mill-wrights. 

cubitt's method of bqualizing the motion of the sails 

OF WINDMILLS. 

Me. William Cubitt^ of North Walsbam, Norfolk, en- 
gineer, took out a patent for this invention in May 1807, 
which the specification thus describes: 

** My invention consists in applying to windmills an appa- 
ratus or contrivance which shau cause the vanes, constructed 
or formed in a new and peculiar manner, to regulate them- 
selves, so as to preserve an uniform velocity under those 
circumstances in which the wind would otherwise irregularly 
impel them, as is the case with the sails or vanes of mills of 
the present construction. I accomplish this object by fonning 
the vanes (for the sake of lightness) with*fewer cross bars or 
shrouds than in the common method, and filling up the 
remaining open space with small flat surfaces, formed either of 
boards or sheet iron painted, or any other fit substance, (though 
I prefer and recommend them to be made of a framing of 
wood, covered over with canvass.) 1 hang or suspend the 
same on their ends by gudgeons, pivots, cebtres, or any other 
convenient metliod, so as to open and shut like valves, (for 
which reason I shall hereafter so call them,) preferring 
always to have the centre of motion as near the upper longi- 
tudinal edge of the valve as possible, as shown in the drawing, 

6 b, fig. 141, which exhibits a valve detached. I apply these 
valves to vanes of the present construction, by suspending 
them to the cross bars or shrouds of the vane by their iQngi- 
tudinal edges, fostened thereto by joints or otherwise, as may 
be preferred. These vanes, constructed of valves as above 
described, and which are represented in the drawing, fig. 1^, 
present a greater or less surface to the wind, according as it 
acts with more or less force on them ; and if the wind be very 
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strong or bigb, the valves, by its iiupulse, v'ould turn their 
e^ea to it, and their surfoces parallel to the direction of the 
wind; the vanes would consequ^dy remain stationary, or 
at least have but little motion; but to obviate this circum- 
stance taking place, 1 apply an apparatus which shall cause 
the valve# always to present their flat spifeces to the wind, 
or such portion of their surfaces as mav be desirable.^ The 
apparatus which 1 have usually appUea is exhiinted in the 
drawings, figs. 143 and 144, which last figure shows two 
modes of performing this object; though it must be evident 
that various other means may be applied to produce the same 
effect on the valves, and I therefore do not mean to confine 
mjself to those precise modes of eflfecting it, but consider it 
unnecessary here to detiul others, as the examples exhibited 
in the drawings fully ascertain the sort of apparatus requisite. 

Fig. 142 represents a set of ranes, in which A A show the valves turned 
to the'wind^ and their surfaces all exposed at right angles with the direction 
of the wind B exhibit the vanes as close reefed^ or the valves with their 
edges to the wind, so that it can have no effect upon them except on their 
edg^, which must be trifling. In the drawing, the vanes are exhibited as 
having the whip down the middle, witli valves on both sides; but it is 
evident that the vanes may be constructed with the whip nlaced in the 
usual way, and have valves on one side only, which is the metnod I usually 
adopt in applying them to vanes of the present form. 

** Fig. 143 represents a side view of the apparatus for regulating the 
valves; and fig. 144 is a section of the same, exhibiting two methods 
of performing this operation. A represents the shaft, which is bored 
through its centre to admit an iron rod B to pass freely through it ; one 
end of this rod is made to turn in a hox C, whicn is fhstened to a toothed 
rack D, whose teeth take into those of a pinion £, upon the axis of which is 
a sheave F, with a groove on its circumference to receive a rope G, to 
which, is huniic a weight, shown at lip fig. 143, and which must be sufficient 
to regulate the force of the wind upon the valves, though no precise 
quantity of weight can be herein specified, as the same must be aajusted 
by experiment, or by the quantity of work to be performed by the mill. 
On the top of the rack D is a roller I, which serves to keep the rack and 
pinion in the proper depth of geer. The end of the rod B, which turns in 
the ^ knob or onion on it, by which it can be moved endwise 

while it is turning in the box C. In the other end of the rod is fixed a boss 
or plate of iron K, with a gudgeon projecting from each side, on which are 
the bHdles or leaders LL, which permit the levers M M to describe a 
curve with their ends while the iron rod B moves in a straight line. N N 
are two studs or props fixed to five stpcjL O of the sail ; on the ends of 
which props the levers M M move; and communicate their motion to the 
racks ' F Ihe teeth of which take into the pinions Q Q, on the axis of 
which, (according to one method herein exhibited, fig. 145,) is fixed a 
strong iron stud R, which is attached to a rack or slider S. Iron studs or 
lovers are fixed at one end in this slider S by a pin or gudgeon, and at the 
othefr made fast to the valves a, which move on gudgeons as before 
describe. 

^ The ather method of regulating the valves is shown ut 
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fig. 1465 where, instead of the studs or levers, the valves may 
be moved by having pinions fixed to them, and working wida 
teeth in a rack or slider, as at T. V V are rollers to keep 
the racks P in their geer. llie operation of this appara^s 
will be clearly comprehended by imagining that if the hook 
4, on the rope G, be pulled down to 5, the sheave F with the 
pinion E will turn at the same time, putting in motion the rack 
1 > with the rod B, whidi will bring the levers M M into the 
position represented by t|^ dotted lines : the racks P will 
have turned the pinions Q 'tiUl the sliders S and T, with the 
studs or levers, or racks, (kccording to whichever method 
may be used,) bring the v^ves into the position of the 
dotted lines, in which position they are represented as having 
all their surfaces to the wind; therefore, if a sufficient weight 
be hung to the hook 4, the weight will descend to 6> and 
keep the valves in the situation of the dotted lines; and 
supposing the wind to blow upon them with too much force 
in this state, they will turn on their gudgeons, and raise the 
weights, so that the superfluous wind will pass through or 
between them, without exerting an irregular force upon the 
vanes, so as to produce an unequal velocity/' 

MILL WITH BIGHT QUADRANGULAR SAILS. 

This mill, which is the invention of Mr. James Verrier, Is 
represented in fig. 147« 

AAA are the tliree principal posts, 27 feet 7} inches long, 22 inches 
broad at their lower extremities, 18 inches at their upper, and 17 inches 
thick. The column B is 12 feet inches long, 19 inches in diameter 
at its lower extremity, and 16 inches at its upper: it is fixed in the 
centre of the miily passes through the first floor E, having its upper 
extremity secured by the bars G G. £ £ £ are the girders of the first 
floor, one of which only is seen, being eight feet three inches long, 11 inches 
broad, and nine thick ; they are mortised int6 the posts A A A and die column 
B, and are about eight feet three inches distance from the ground floor. D D D 
are three posts, six feet four inches long, nine inches broad, and six inches 
thick : they are mortised into the girders £ F of the first and second floor, 
at the distance of two feet four inches from the posts A, &c. F F £ are the 
girders of the second floor, six feet long; 11 inches broad, and nine thick: 
they are mortised into the posts A, &c., and rest upon the upper extremities 
of the posts D, &c. The three bars GGG are d'feet If inchei long, 
seven inches broad, and three thick : Giey are mortised into die posts D and 
the upper end of the column B, four, feet three inches above the floor. P 
is one of the beams which 1 support the extremities of the bray-trees or 
brayers; its len^h is two feet rour inches, its breadth eight inches, and its 
thickness six in<mes. 1 is one of the bray-trees into which the extremity of 
one of the bridge-trees K is mortised, ^ch bray-tree is 4 feet 9f inches 
long, 9f inches broad, and seven thick, and each bridge-tr^ is four feet 
six inches long, nine inches broad, and seven thick; being furnished 
with a piece of brass on its upper suriace to receive the under pivot of the 
m*ill-«tor''« LL are two iron screw-bolts, which raise or depress the 
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extremities of the bny*trees. M M M ^ ere the three mill-stones, end 
N N tjf tile iron spindles or arbors on, inr^di the turning mill-stones are 
D is one of three wheels or tnindi^ which are fixed on the upper 
ends pf the spindles NNN: they are 16 inches in diameter, and eacn is 
fufitished with 14 staves ; /is one of the carriage-rails on which the upper 
pivot of the spindle turns, and is four feet two inches long, seven incnes 
broad, and four thick. It turns on an iron bolt at one end, and the other 
end slides in a bracket fixed to one of the joints, and forms a mortise in 
which a wedge is driven to set the rail and trundle in or out of work : 

, r is the horizontal spur-wheel that impels the trundles; it is five feet six 
inches in diameter, is fixed to the perpendicular shaft T, and is furnished 
with 42 teeth. The perpendicular shaft T is nine feet one incfi long, and 

14 inches in diameter, having an iron spindle at each of its extremities; the 
under spindle turns in a brass block fixed into the higher end of the 
column B ; and the upper spindle moves in a brass’ plate inserted into the 
lower surface of the carriage-rail C. The spur-wheel r is fixed on the 
upper end of the shaft T, and is turned by tlie crown-wheel v on the 
wind shaft e ; it is three feet two inches in- diameter, and is furnished with 

15 cogs. The carriage-rail C, which is fixed on the sliding kerb Z, is 
17 feet 2 inches long, one foot broad, and nine inches thick. Y Y Q is the 
fixed kerb, 17 feet 3 inches diameter, 14 inches broad, and 10 thick, and 
is mortised into the posts AAA, and fastened with screw-bolts. The 
sliding kerb Z is of the same diameter and breadth as the fixed kerb, but its 
thickness is only 7§ inches ; it revolves on 1 2 friction rollers fixed on the 
upper surface of the kerb Y Y Q, and has four iron half-staples, Y, Y, 8zc., 
fastened on its outer edge, whose perpendicular arms are 10 inches long, 
two inches broad, and one inch thick, and embrace the outer edge of the 
fixed kerb, to prevent the sliding one from being blown off. The capsills 
X V are 13 feet 9 inches long, 14 inches broad, and 1 foot thick : they 
are fixed at each end with strong iron screw bolts to the sliding kerb, 
and to the carriage-rail C. On the right hand of to is seen the extremity of 
a cross-rail, which is fixed into the capsills XV by strong iron bolts; e is a 
bracket 5 feet long, 16 inches broad, and 10 inches thick; it is bush^ with 
a strong brass collar, in which the inferior spindle of the windshaft turns, 
and is fixed to the cross-rail w; 6 is another bracket, seven feet long, four 
feet broad, and 10 inches thick ; it is fixed into tlie fore ends of the capsills, 
and in order to embrace the collar of the windshaft, it is divided into two 
parts, which are fixed together with screw-bolts. The windshaft e is 15 feet 
tongy two feet in diametkr at the fore end, and 18 inches at the other; its 
pivot at the back end is six inches diameter; and the shaft is perfiiratcd, 
to admit^an iron rod to pass easily through it. The vertical crown-wheel v 
is six feet in diameter, and is furnished with 54 cogs, which drive the spur- 
wheel r ; the bolster d, which is six feet three inches long, 13 inches broad, 
and half a foot thick, is fastened into the cross-rail w, directly under the 
centre bf the windshaft, having a brass pulley fixed at its fore end. On tlie 
upper surface of this bolster is a groove in which the sliding bolt R moves, 
having a braM stud at its fore end. This sliding bolt is not distinctly seen 
in the figure, but the round top of the brass stud is visible below the 
letter A,%3fe iron rod that passes through the windshaft beaix against this 
brass stud. The sliding bolt is four feet nine inches long, nine inches ' 
broad, and one-third of a foot thick. At its fore end is fixed a line whicli 
passes over the brass pulley in the bolster, and appears at a with a weight 
attached to its extrmity, sufficient to make the sails face the wind that is 
strong enough for the number of stones emjployed ; and when the pressure, 
of the wind is more than sufficient, the sails turn on an edge and press bock 
She sliding bolt, which prevents them from moving with too great relocity * 
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and as soon as the wind abates^ the sails, by the weight are pressed op 
to the* wind till its force i| sufficient to give the mill a proper degree of 
velocity. By this apparatus the yvind as regulated and justly propoitiibttsd 
to the resistance, or work to be performed ; an uniformity of motion is also 
obtained, and the mill is less liable to be destroyed by the rapidity of its 
motion. 

That the reader may understand how these effects are produced, we have 
represented in fig. 148, the iron rod, and the arms whmh bear against the 
vanes; a A is the iron rc^ whi^ passes through the windshaft c, in fig. 147 ; 
A ij the extremity which moves in the brass stud that is fixed upon the 
sliding bolt; at, al,&c., are the cross-arms at right angles to a A, whose 
extremities i, t, similarly marked in fig. 147, bear upon the edges of the 
vanes. The arms a t are 6§ feet long, reckoning from tne centre a, one foot 
broad at the centre, and five inches thick ; the arms n, n, &c., that carry the 
vanes or sails, are 18f feet long, their greatest breadth is one foot, and their 
thickness nine inches, gradually diminishing to their extremities, where they 
are three inches in diameter The four cs^inal sails, m, m, m, m, are each 
13 feet long, eight feet broad at their outer end, and three feet at their lower 
exti amities; p, p, &c., are the four assistant sails which have the same 
dimensions as the cardinal ones, to which thev are joined by the line S SSS. 
The angle of the sail’s inclination when nrst opposed to the wind is 
45 degrees, and regularly the same from end to end. 

It is evident from the preceding description of this machine, that the 
windshaft c moves along with the sails ; the vertical crown-wheel v impels 
the spur-wheel r, fixed upon the axis T, which carries also the spur-wneel 
t, Iniis wheel drives the three trundles H, one of which only n seen in 
the figure, which being fixed upon the spindles N, &c. communicate motion 
to the turning mill-stones. 

That the wind may act with the ^ealest efficacy upon the 
sails^ the windshaft or principal axis must always have the 
same direction as the wind. But as this direction is per- 
petually changing, some apparatus is necessary for bringing 
the windshaft and sails into their proper position. As both 
the common methods of adjusting the windshaft require 
human assistance, it would be very desirable that the same 
effect should be produced solely by the action of the wind. 
This may be done by fixing a large wooden vane or weather- 
cock at the extremity of a long horizontal arm which lies in 
the same vertical plane with the windshaft. By this means, 
when the surface df the vane and its distance from the centre 
of motion are sufficiently great, a very gentle breeze will 
exert a sufficient force upon the vane to turn-the machinery, 
and will alwa;^8 bring the sails and windshaft to their proper 
position. This weathercock, it is evident, may be applied 
either to machines which have a movable roof, or to those 
which revolve upon a vertical arbor. Prior to the French 
revolution, . windmills were more numerous in Holland and 
the Netherlands than in any other part of the world, and 
there they seem to have been brought to a very high state of 
perfection. This is evident not only from the experiments 
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of Mr. Smeaton^ from which it ap^rs that aaila weathered 
in the Dutch manner produced neanjr it maximum effect^ but 
also from the observations of the celebrated Coulomb. This 
philosopher examined above 50 windmills in the neighbour- 
hood of Lisle^ and found that each of them performed nearly 
the same quantity of work when the wind moved with the 
velocity of 18 or hO feet per second, though there were some 
trifling differences in the inclination of their windshafts, and 
in the disposition of their sails. From this fact. Coulomb 
justly concluded that the parts of the machine must have 
been so disposed as to produce nearly a maximum effect. 

In the windmills on which Coulomb’s experiments were 
made, the distance from the extremity of each sail to the 
centre of the windshaft or principal, axis was 33 feet. The 
sails were rectangular, and their width was a little more than 
six feet, five of which were formed with cloth stretched upon 
a frame, and the remaining foot consisted of a very light board. 
The line which joined the board and the cloth formed, on the 
side which faced the wind, an angle sensibly concave at the 
commencement of the sail, which diminished gradually till it 
vanished at its extremity. Though the surface of the cloth was 
curved, it may be regarded as composed of right lines perpendi- 
cular to the arm or whip which carries the frame, the extre- 
mities of these lines corresponding with the concave angle 
formed by the junction of the cloth and the board. Upon this 
supposition, these right lines at the commencement of the sail, 
which was distant about six feet from the centre of the 
windshaft, formed an angle of 60 degrees with the axis or 
windshaft, and the lines at the extremity of the wing formed 
an angle increasing from 7S to 84 degrees, according as the 
inclination of the axis of rotation to the horizon increased 
from 8 to 15 degrees; or in the mill-wright’s terms, the 
greatest angle of weather was 30 degrees, and the least 
varied from 12 to 6 degrees, as the inclination of the windshaft 
varied from 8 to 15 degrees. A pretty distinct idea of the 
surface of windmill sails may be conveyed by conceiving a 
number of triangles standing perpendiemar to the horizon, 
in which the angle contained between the hypothenuse and 
the base is constantly diminishing ; the hypothenuse of each 
triangle will then be in the superficies of the vane, and they 
would form that superficies if their number were infinite. 
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ON HiyUZONTAL WINDMILLS. 

A vARivrs of opinions have been mtotained respecUng 
the rdattre adranti^;eB of horiisontal and vertical windmUls. 
Mr.'Smeaton gives a dedded preference to tho latter; but, 
when he asserts that horisontid windmills have only one-eighth 
or one-timth of the power of vertioal ones, he certainly forms 
too low an estimate (rf (heir power. Mr. Beatson> on the 
contrary, nho has a patent for the ccmstmcUon of a new 
horizonttd windmill, seems to be pr^ndiced in their fsvour. 
From an impartial investigation, it will probably appear, 
that the truth lies between these two opposite opiniona; but 
before entering on this discussion, we must first consider the 
nature and form of horizontal windmills ; which we shall do 
in presen^g the reader with a description of the horizontal 
mill erected at Margate by Captain Hooper. 

Fiff. 149 is an upright section, and fig. 150 a plan of the building. 
H H are the side walls of an octagonal building which contains the 
machineiy. These walls are surmounted by a strong timber framing 
G G, of the same form as the building, and connected at top by 
cross^framing to support the roof, and lilso the upper pivot of the main 
vertical shaft A which has three sets of arms, B B, C C, D D, framed 
upon it at that part which rises above the height of the walls. Ibe arms 
are stren^hened and supported by diagonal braces, and their extremities 
are bolted to octagonal wood frames, round which ^e vanes or floats £ £ 
are fixed, as seen in outline in fig. 150, so as to form a large wheel, resem- 
bling a water-wheel, which is less than the size of the house by about 
18 inches all round This space is occupied by a number of vertical 
boards or blinds F F, turning on pivots at top and bottom, and placed 
obliquely, so as to overlap each other, and completely shut out the wind, and 
stop the mill, by forming a close case surrounding the wheel ; but they can 
be moved altogether upon their pivots to allow the wind to blow in the 
direction of a tangent upon the vanes on one side of the wheel, at the time 
the other side is completely shaded or defended by the boarding. The 
position of the blinds is clearly shown at F F, fig. 150. At the lower end 
of the vertical shaft A A, a large spur-wheel a a is fixed, which gives motion 
to a pinion c, upon a small vertical axis d, whose upper pivot turns in a 
bearing bolted to a ^rdei of the floor n. Above the pinion c, a spur- 
wheel e is placed, to give motion to two small pinions jT, on the upper ends 
of the spindles g, of the mill-stone h. Anotner pinion is situate at tlie 
opposite side of uie great spur-wheel a a, to give motion to a third pair of 
mill-stones, which are used when the wind is veiy strong; and then the 
wheel turns so quick as not to need the extra wheel e to give the requisite 
velocity to the stones. The weight of the main vertical shaft is borne by a 
strong timber 5, having a brass box placed on it to receive the lower pivot of 
Che ^ft. It is supported at its e^ by cross-beams mortised into the upright 
posts 5 5, as shown in the plan, fig. 150. A floor or roof 1 1 is thrown across 
the top of the brick-building to protect the machinery from the weather, and 
to prevent the rain blowing down the opening through which the shaft descends, 
a broad circular hoop K is fixed to the floor, and is surrounded bv another hoop 
or case L, wl&ich is fixed to the arms D D of the wheel. This last is of such a 
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tnxe, as exactly to go over the hoop K, without touching it when the yrheel 
turns round. By this means^ the rain is, completely excluded from the 
upper room M, which serves as a granary, being fitted up with the bins 
m M, to contain the different sorts of g^dn which is raised up by die sad^- 
tadtle. wheel t is fixed on the main snaft, having cogs projecting from 
both sides. Those at the under side work into a pinion on the end of tho 
roller K, which is for the'purpm of drawing up steks. Another pinion is 
situated above the wheel t, wnich has a roller prcgeciing out over the 
doors seen at p, in fig. 150, to land the sacks upon. The two pinibns iwin, 
fig» 150, are turned by the great wheel eo, and are for giviiitf motioii to the 
dicing and bolting machines, which are placed ppon the flopr N, but are 
not shown in the drawii^, being exactly similar to the dressing machines 
used in all flour-mills. The cogs upon the great wheel a are not so broad 
as die rim itself, leaving a plain nm about three Inches broad. This is 
encompassed by a broad iron hoop, which is made foil at one end to the 
upright post b ; the other being jointed to a strong lever n, to the extreme 
end of which a purchase o is attached, and the fail is made fast to iron pins 
on the top of a frame fixed to the ground. This apparatus answers die 
purpose of the brake or ffripe used in common winamills to stop their 
motion. By pulling the lalf of the purchase o, it causes the inm strap to 
embrace the great wheel, and produces a resistance sufficient to atop the 
wheel. The mill can be regulated in its motion, or stopped entirely, by , 
opening or shutting the blinds F, which surround the fan- wheel. Thf^ are 
aU moved at once by a circular ring of wood situated just beneath the 
lower ends of the blinds upon the floor 1 1, being connected with each blind 
by a short iron link. The ring is moved round by a rack and spindle which 
descend into the mill-room below, for the convenience of the muler. 

The mode of bringing the sails back against the wind, which Mr. Beatson 
invented, is, perhaps, the simplest and best for that end. He makes each 
sail A I, fig. 151, to consist of six or eight flaps or vanes, A P, 5 1, 5 1, c!2, 
&c„ moving upon hinges represented by the dark lines, AP, 51, c2, &c., 
so that the lower side 6 1 of the first flap wraps over the hinge or higher 
side of the second flap, and so on. Wlien the wind, therefore, acts upon 
the sail A I, each flap will press upon the hinge of the one immediately 
below it, and the whole surface of the sail will be exposed to its action. 
But when the sail A I returns against the wind, the flaps wilLrevolve round 
upon their hinges, and present only their edges to the wind, as is repre- 
sented at £ G, so that uie resistance occasioned by the return of the Sail 
must be greatly diminished, and the motion will be continued by the great 
superiority of force exerted upon the sails in the position A I. In com- ' 
puling the force of the wind upon the sail A I, and fhe resistance opposed 
to it by the edges of the flaps in £ G, Mr. Batson finds, that when the 
pressure upon the former is 1872 pounds, the resistance opposed by the 
miter is only about 36 pounds, or ^ pc^ of the whole force; but he 
neglects the action of the wind upon the arms, C A, &c., and the frames 
which carry the sails, because tb^ expose the same surface in the position 
A I, as in the position EG. This omission, however, has a tendency to 
mislead us in tiie present case, as we shall now see; for we ought to 
compare the whole force exert^ upon the arms, as well as the sail, with 
the whole resistance which these arms and the edges Of the flaps oppose to 
the motion pf the windmill. By inspecting the fi^re it wiH appear, that if 
the force upon fhe edges of the flaps, ^hich Mr. Beatson supposed to be 
12 in numosr, amounts to 36 pounds, the force spent upon the bars CD|; 
D OF, F £, fcc., cannot be less than GO pounds. Now, since thsie 
bars are acted upon with an equal force, when the sails have the position 
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A 187S -I- 60 "> 1832 will be the £oroe exerted upon the sail A I and its 
appendages, while the opposite force upon the bars and edges of the flape 
when returning against the wind will be 36 + 60 » 06 pounds, which w 
nearly lAr of 1932, instead of sb as computed by Mr. l^atson. Hence we 
may see the advantages which will probably arise from using a screen for 
the returning sail instead of movable Baps, as it will preserve not only the 
sails* but the arms and the frame which supports it, from the action or the 
wind.* 

Mr. Brewster makes also the following remark on the 
comjparative power of horizontal and vertical windmills. It 
has been already stated^ that Mr. Smeatoii rather underrated 
the former while he maintained that they have only one-eighth 
or one-tenth the power of the latter. He observes, that when 
the vanes of a horizontal and a vertical mill are of the same 
dimensions, the power of the latter is four times that. of the 
former ; because, in the first case, only one sail is ected upon 
at once; while, in the second case, all the four receive the 
impulse of the wind. This, however, is not strictly true, 
since the vertical sails are all oblique to the direction of the 
wind. Let us suppose that the area of each sail is 100 square 
feet; then the power of the horizontal sail may be called 
100 X sin.* 70^ (which is the common angle of inclination) 
=s 88 nearly; but since there are four vertical sails, the 
power of them all will be 4 X 88 ss 362 : so that the power 
of the horizontal sail is to that of the four vertical ones as 
1 to 3.52, and not as 1 to 4, according to Mr. Smeaton. 
But Mr. Smeaton also observes, that if we consider the 
farther disadvantages which arises from the difficulty of 
getting the sails back against the wind, we need not wonder 
u horizontal windmills have only about i or Vv of the com- 
mon sort. We have already seen that the resistance occa- 
sioned by the return of the sails amounts to tV of the 
whole force which they received; by subtracting there- 
fore, from tVt, we shall find that the power of horizontal 
windmills is only 4;^^, or little more than one-fourth less 
than that of vertical ones. This calculation proceeds upon a 
supposition that the whole force exerted upon vertical sails 
is employed in turning them round the axis of motion; 
whereas a considerable part of this force is lost in pressing 
the pivot of the axis or windshaft against its gui^eon. 
Mr. Smeaton has overlooked this circumstance, oAerwise he 
could never have maintained that the power of four vertical 

* TIm nils of horizontal windmOla are eometlnica fixed like float-boarde on 
the circnmference of a large drum or cylinder. Tbeee tails move upon hingea 
•o aa toatand at right angles to the drum, when they are to receive the impiust 
of the wind ; and when they retain against it, they fidd down upon its circum- 
foreaee* 
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saile was quadruple the power of one horizontal Bail, the 
dimensions of each being the same. Taking this circum* 
stance into the account^ we cannot be far wrong in saying 
that, in theory at least, if not in practice, the power of a 
horizontal windmill is about one-third or one-fourth of the 

S lower of a vertical one, when the quantity of surface and the 
brm of the saUs are the same, and when all the parts of the 
horizontal sails have the same distance from the axis of 
motion as the correspondiqg parts of the vertical sails. But 
if tibe horizonl^ sails haye the position A I, E G, in fig. 151, 
instead of the position C'A in, C D o n, their effect will be 
greatly increased, though the quantity of surface is the same ; 
because the part C P 3 m being transferred to B 1 3 has 
much more power to turn the sails. Having this method, 
therefore, of inoreasing the effect of horizontal sails, which 
cannot be applied to vertical ones, we would encourage every 
attempt to improve their construction, as not only laudable 
in itself, but calculated to be of essential utility in a com- 
mercid country. — See Dr, Brewster^s valuable Appendix to 
Ferguson's Lectures, 


FLOUR-MILLS. 

In fig. 152 we havb given a section of a double fiour-mill, 
reducledfrom Gray’s Experienced Mill- wright, with the follow- 
ing account : 

' A A, the water-wheel. B B, its shaft or axle. C C, a wheel fixed upon 
the same shaft, containing CO 'teeth or cogs, to drive the pinion No. 1, 
having *23 teeth, which is fastened upon the vertical shaft D. No. 2, a 
wheel fixed upon the shaft D, containing 82 teeth, to turn the two pinions 
FF, having 15 teeth, which are fastened upon the iron axles or sf-ndles 
that carry the two upper miU-stones. £ £, the beam or sill' that sui ports 
the frame on which the under mill-stones are laid. G G, the ca^es or 
boxes that enclose the upper mill-stones; they should be about two inches 
distant ffom the stone all round its circumference. T T, the bearers, called 
bridges, upon which the under end of the iron spindles turn. These 
spindles pass upwards through a hole in the middle of the nether mill-stones, 
ill which is fixed a wooden bush that their upper ends turn in. The top 
pait of the spindles, above each wooden bu^, is made square, and goes 
into a square hole in an iron cross, which is admitted into grooves in the 
nriddle oad under surface of the upper mill-stone. By this means that stone 
is carried rouifd along with the trundles F F, when turned by the wheel 
No. 2. One end of the bridges TT is put into mortises in fixed bearers ; 
and dm otlidr idto mortises in the bearersthat move at one end on iron 
bake, theif cnhier ends hnnnng by iroa rods having screwed nuts, as U U; 
id mSL wken tttftied forwaid or backward they raise or depress the upp^ 
ndft-etohes, according as the miller finds it necessary. S S, the feeders, in 
ilia under end of each of which is a square socket that goes upon the square of 
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the spindles above the iron cross or rind, and having three or four branches 
that move the spout or shoe, and the wheat constantly from the 
hoppers into the hole or eye of the uoper mill-stone, where it is introduced 
betwixt the stones, ahd by the circular motion of the upper stone acquires 
a centrifugal force, and proceeding gradually from the eye of the 
stone towards the circummrence, is at length thrown out in flour or meal. 
RR, the sluice, machine, and handle, to raise the sluice, and let the water 
on the wheel A to drive it round. No. 3 is a wheel fixed upon the shaft D, 
containing 44 teeth, to turn the pinion No. 4, having 15 teeth, which is 
fostened upon the horizontal axle H. On this axle is also fixed the 
barrel K/ on which go the two leather belts that turn the wire engine and 
bolting mill. L, an iron spindle, in the under end of which is a square 
socket that takes in a square on the top of the gudgeon of the vertical shaft 
D. There is a pinion M, of nine teeth, fixed on the upper end of the 
spindle L, to turn the wheel MM, having 48 teeth, which is fostened 
upon the axle round which the rope Z Z rolls, to carry die sacks of flour up 
to the cooling benches. By pulling the cord O O a little, the wheel M M 
and its axle are put into motion, in consequence of that wheer and its axle 
being moved horizontally, until the teeth of the wheel are brought into 
contact with those of the pinion at the top of the spindle L : and, on the 
contrary, by pulling the cord P P, the wheel M ana its axle are moved in 
the opposite horizontal direction, till they are thrown out of geer with the 
pinion, and the rotatory motion of that wheel stops. But when the sack of 
flour Is raised up to the lever Q, it pushes up that end of the lever, and of 
course the other end down ; by which means the pinion M is disengaged, 
and thus that part of the machine stops of itself. N N are two laiffe 
hoppers, into which the clean wheat is put to be conveyed down to the 
hoppers SS, placed on the frame immediately above the mill-stones. 
W W, the side wall of the mill-house. V, the couples or frame of the roof. 
X X, windows to lighten the house. 

Fig. 153 represents the surface of the under mnding mill-stone; the Way 
of laying out the roads or channels ; the wooden bush fixed into the hole 
in its middle, in which the upper end of the iron spindle turns round ; and 
the case or hoops that surround the upper one, whicn ought to be two inches 
clear of the stone all round its circummrence. 

Fig. 154, the upper grinding mill-stone, and iron cross or rind in its 
middle; in the centre of which is a square hole that takes in a square on the 
top of the iron spindle, to carry round the mill-stone. When the working 
sides or faces of the mill-stones are laid uppermost, the roads (or channels) 
must lie in the same direction in both; so that when the upper stone is 
turned over, and its surface laid upon the under one, then the diannels may 
cross each other, which assists in grinding and throwing out the flour, the 
sharp edges of the two ftirrows then cutting against each other like scissars. 
The roads are likewise laid out according to the way the upper stone 
revolves. In those represented in the figures, the running mill-stone is 
supposed to turn sunway,” or as in what is called a right-handed mill : 
but if the stone revolves the other way, the channels must be cut the reve*xe 
of this, and then the mill is termed a left-^handed one. 

The mill-stones are of the utmost importance in the con- 
struction of flour-milb^ as upon them principafly depends the 
quality of the meal ; we cannot^ therefore^ do better than to 
annex Mr. Ferguson’s opinion upon them, as also smne sub- 
sequent remarks by his editor, Ihr. Brewster. 
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MILL flONB. 

Thb heavier the running mUl-stone is^ and the greater the 
quantity of water that falls upon the wheels so much the 
msXev will the mill bear to be fed^ and consequently^ so much 
* the more it will grind : and^ on the contrary^ the lighter the 
stone, and the less the quantity of water, so much slower 
must the feeding be. But \yheu the stone is considerably 
wore, and become light, the mill must be fed slowly at any 
rate ; otherwise the stone will be too much borne up by the^ 
com under it, which will make the meal coarse. 

The quantity of power required to turn a heavy mill-stone 
is but very little more than what is sufficient to turn a light 
one : for as it is supported upon the spindle by the bridge- 
tree, and the end of the spindle that turns in the brass foot 
therein being but small, the odds arising from the weight is 
but very inconsiderable in its action against the power or 
force of the water ; and, besides, a heavy stone has the same 
advantage as a heavy fly, namely, that it regulates the motion 
much better than a light one. 

In order to cut and grind the corn, both the upper and 
under mill-stones have channels or furrows cut into them, 
proceeding obliquely from the centre towards the circum- 
ference: and these furrows are cut perpendicularly* on one 
side, and obliquely on the other, into the stone, which gives 
each furrow a sharp edge, and in the two stones they come, 
as it were, against one another like the edges of a pair of 
scissars, and so cut the corn, to make it grind the easier 
when it falls upon the places between the Arrows. These 
are cut the same way in both stones when they lie upon their 
backs, which makes them run cross ways to each other when 
the upper stone is inverted, by turning its furrowed surface 
toward that of the lower. For, if .the furrows of both stones 
lay the same way, a great deal of the corn would be driven 
onward in the lower furrows, and so come out from between 
the stones without being either cut or bruised. 

When the furrows become blunt and shallow by wearing, 
the running stone must be taken up, and both stones new 
dressed with a chisel and hammer; and every time the stone 
is taken up, there must be some tallow put round the spindle 
upon the bush, which will soon be melted by the heat the 
spindle acquires from its turning and rubbing against the 
bush, and so will get in between them, otherwise the bush 
would take fire in a very little time. 

Tlie bush must embrace the spindle quite close, to prevent 
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any shake in the motion^ which would make some parts of 
the stones grate and fire against each other, while other parts 
of theta WDvld be too far asunder, and by that means spoil 
jthe meal in grinding. 

Whenever the spindle wears the bush so as to begin to 
sh^e in it, the stone must be taken up, and a chisel drove 
into several parts of the bush; and when it is taken out, 
wooden wedges must be driven into the holes; by which 
means the bush will be made to embrace the spinme close 
all round it again. In doing this, great care must be taken 
to drive equal wedges into the bush on opposite sides of the 
spindle, otherwise it will be thrown out of the perpendicular, 
and so hinder the upper stone from being set parallel to the 
under one, which is absolutely necessa^ for making good 
work. When any accident of this kind happens, the perpen- 
dicular position of the spmdle must be restored by adjusting 
the bridge-tree by- proper wedges put between it and the 
brayer. 

It often happens that the rind is a little wrenched in 
laying down the upper stone upon it, or is made to sink a 
little lower upon one side of the spindle than upon the other ; 
and this will cause one edge of nie upper stone to drag all 
round upon the other, while the opposite edge will not 
touch. But this is easily set to rights, by raising the stone 
a little with a lever, and putting bits of paper, cards, or thin 
chips, between the rind and the stone. 

The diameter of the upper stone is generally about six 
feet, the lower stone about an inch more; and the upper 
stone, when new, contains about 22^ cubic feet, which 
weighs somewhat more than 19,000 pounds. A stone of 
this diameter ought never to go more than 60 times round 
in a minute, for u it tuniS faster it will heat the meal. 

The grinding surface of the under stone is a little convex 
from the edge to the centre, and that of the upper stone a 
little more concave: so that they are farthest from one 
another in the mid^e, and come gradually nearer towards 
the edges. By this means, the com at its first entrance 
between the stones is only bruised; but as it goes farther on 
towards the circumference or edge, it is cut smaller and 
smaller; btft at last finely ground just before it comes out 
from between them.* 

f The upper mill-stone, when six feet in diameter, is generally hollowed 
about one inch at the centre ; and the under one rises about three-feurths 
of an inch. The com that ^Is from the hopper insinuates itself between 
them as &r as two-thirds of the radius where the grinding begins ; the 

L 
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When the furrows of mUl-stones are worn shallow^ and 
consequently new dressed with the chisel^ the same quantity 
of stone must be taken 'from every part of the grinding 
surface^ that it may have the sanie convexity or concavity as 
before. As the upper mill-stone should' always have the 
same weight when its velocity remains unchanged, it will be 
necessaiT to add to it as much weight as it lost in the dressing. 
This will be most conveniently done by covering its top with 
a layer of plaster, of the same diameter as the layer of stone 
taken from its grinding surface, and as much thicker than 
the layer of stone, as the specific gravity of the stone exceeds 
the specific gravity of the jdaster. That the reader may 
have some idea of the manner in which the furrows, or 
channels, are arranged, we have represented, fig. 154, the 
grinding surface of the upper mill-stone, upon the supposition 
that it moves from 'east to west, or for what is called a right* 
handed mill. When the mill-stone moves in the opposite 
direction, the position of the furrows must be reversed. 

In fig. 156, we have a section of the milestone, spindle, and lantern. 
The under mill-stone M P H G, which never moves, may be of any 
thickness. Its grinding surface must be of a conical form, the point b being 
about an inch above the horizontal line P H, and M a and P b being straight 
lines. The upper mill-stone E F P M, which is fixed to the spindle C D, at 
C. and is carried round with it, .should be so hollowed that the angle 
O M o, formed by the grinding surfaces, may be of such a size that O », 
being taken equal to n M, ns may be equal to the thickness of a grain of 
corn. The diameter O N of the mill-eye m C, should be between 8 and 
14 inches; and the weight of the upper mill-stone EP, joined to the 
weight of the spindle CD, add the trundje x, (the sum of which three 
numbers is called the equipage of the turning mill-stone,) should never be 
less than 1550 pounds avoirdupois, otherwise the resistance of the grain 
would bear up the mill-stone, and the meal be ground too coarse. 

In order to find the weight of the equipage; divide the third of the 
radius of the gudgeon by tlie radius of the water-wheel which it supports, 
and having taken the quotient from 2,25 multiply the remainde.* oy the 
expense of the source, by the relative fall, and by the number 19,911, and 
you will have a first quantity, which may be regarded as pounds. Multiply 
the square root of the relative fall by the weight of the arbor of the water- 
wheel, by the radius of its gudgeon, and by the number 1617, and a second 
quantity will be had, which will also represent pounds. Divide the third 
part of the radius of the gudgeon by the radius of the water-wheel, and 
Having augmented the quotient by unity, multiply the sum by 1005, and a 
third quantity will be obtained. Subtract the second quantity from the 
first, divide the remainder by the third, and the quotient will express the 
number of pounds in the equipage of the mill-stone. 

The weight of the equipage being thus found, extract its 

distance between the stones being there about two-thirds or three-fourths 
of the thickness of a grain of corn. This distance, however^ can be altered 
at pleasure, by raising or sinking the upper 8tone.*-Dr« Brewster, 
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square root^ expressed in pounds^ and multiply it Dy 039, 
and the product will be tiie radius of the mill-stone in feet. 

In order to find the weight and thickness of the upper mill- 
stone^ the following rules must be observed : 

1. To find the weig^ht of a quantity of stone equal to the milUeye ; 
take any quantity, which seems most proper for the weig^ht of the spindle 
C D, and the lantern X, and subtract this quantity from the weight of the 
mill-stone’s equipage, for a first quantity. Find the area of the mill-eye, 
and multiply it by the weight of a cubic foot of stone of the same kind as 
the mill-stone, and a second quantity will be had. Multiply the area of 
the mill-stone by the weight of a cubic foot of the same stone, for a third 
quantity. Multiply the first quantity by the second, and divide the product 
by the third, and the quotient will be the weight required. 

2. To find the number of cubic feet in the turning mill-stone, supposing 
It to have no eye ; from the weight of the spindle and lantern subtract the 
quantity found by tlie preceding rule, for the first number. Subtract this 
first number from the weight of the equipage, and a second numbet will 
bo obtained. Divide this second quantity by the weight of a cubic foot of 
stone of the same quality as the mill-stone, and the quotient will be tlie 
number of cubic feet in E M P F, m C being supposed to be filled up. 

3. To find the quantities «iN and EM, i.e. the thickness of the mill- 
stone at its centre and circumference; divide the solid content of the 
mill-stone, as found by the preceding nile, by its area, and you will have 
the first quantity. Add b R, which is generally about an inch, to twice 
the diameter of a grain of corn, for a second quantity. Add the first 
quantity to one-third of the second, and the sum will be the thickness of the 
mill-stone at the circumference. Subtract the third of the second quantity 
from the first quantity, and the remainder will be its thickness at the centre. 

The size of the mill-stone being thus founds its velocity is 
next to be determined. M. Fabre observes, that the flour 
is the best possible when a mill-stone five feet in diameter 
makes from 48 to 61 revolutions in a minute. Mr. Ferguson 
allows 60 turns to a mill-stone six-feet in diameter; and 
Mr. Imison 120 to 'U mill- stone 4^ feet in diameter. In 
mills upon Mr. Imisoii’s construction, the great heat that 
must be generated by such a rapid motion of the mill-stone, 
must render the meal of a very inferior quality : much time^ 
on the contrary, will be lost, when such a slow motion is 
employed as is recommended by M. Fabre and Mr. Ferguson. 
In the best corn-mills in this country, a mill-stone five feet 
in diameter revolves, at an average, 90 times in a minute. 
The number of revolutions in a minute, therefore, which must 
be assigned to mill-stones of a different size, may he found 
by dividing 450 by the diameter of the mill-stone in feet. 

The spindle c D, which is commonly six feet long, may be made either 
of iron or wood. When it is of iron, and the weight of the mill-stone 
7558 pounds avoirdupois, it is generally three inches in diameter; and 
when made of wood, it is 10 or 11 inches in diameter. For roilUstones of 
a different weight, the thickness of the spindle may be found by propot 
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tioning if to the square root of the mill-stone’e weight, or which is nearly 
the same' tiling, to the weight of the mill-stone*s equipage. 

The greatcii diameter of tlie pivot D, upon which the mill-stone rests, 
should be proportional to the square root ot the equipage, a pivot half an 
inch diameter being able to support, an equipage of 5398 pounds. In 
most machines, the diameter of the pivots is by far too large, being capable 
of supporting a much greater weight than they are obliged to bear. The 
friction is therefore increased, and the performance of the machine 
diminished. 

The bridge-tree, A H, is generally from 8 to 10 feet long, and should 
always be elastic, that it may yield to the oscillatory motion of the mill- 
stone. When its length is nine feet, and the weight of the equipage 5182 
pounds, it should be six inches square; and when the length remains 
unchanged, and the equipage varies, the thickness of the bridge-tree shoidd 
be proportional to the square root of me equipage. 

Although the mechanism of flour-mill is exceedingly 
simple^ the profitable manufacture of flour requires consider- 
able experience and attention. We shall therefore give a 
sketch of the points most particularly to be attended to in 
such manufacture. 

The wheats that grow in Essex and Kent make the best 
flour. • In choosing the wheat much attention should be paid 
to the thinness of the skin and to its cleanliness from weed. 
Good wheat may be known by its weight, which should be 
about 62 pounds per Winchester bushel of 32 quarts. The 
wheat to be manufactured into the best flour should be 
winnowed. 

The miller judges of the quality of the flour by feeling it, 
and accordingly as it is too fine or too coarse regulates the 
upper mill-stone, or increases or decreases the • supply of 
grain. The flour in grinding always acquires a slight warmth, 
and care must be taken that the warmth does not increase, or 
the flour will be permanently injured. 

The dressing of the flour is of great importance, and too 
much attention cannot be paid to it. The bran should be in 
large flakes and free of flour. In grinding the best wheats, 
in the best manner, the bran will amount to about seven 
pounds per bushel. 

In the process of dressing, the bran is examined as a 
criterion to know whether too much flour be admitted upon 
the machine. Care should be taken to have the brush screwed 
close to the end of this machine. 

French stones of about four feet in diameter are expected 
to grind about five bushels per hour. 

Mr. Thomas Fenwick, the author of Four Essays on Practical 
Mechanics, has made numerous experiments on some of 
the best mills for grinding com, in order to form, by practical 
observation, a set of tables illustrative of the effect of a gpven 
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quantity of water, in a given time, applied to an eversliot-* 
wheel of a given size. 

The quantity of water expended on the wheel was measured 
with great exactness : the com used was in a medium state 
of dryness 3 the mills, in all their parts, were in a medium 
working state; the mill-stones, making from 90 to 100 
revolutions per minute, were from 4^ to 5 feet in diameter. 

The result of the experiments was, that the power requisite 
to raise a weight of 300 pounds avoirdupois, with a velocity 
of 190 feet per minute, would grind one boll of good rye in 
one hour 3 but for the sake of making the following tables 
hold in practice, where imperfection of construction exists 
in some’ small de^ee, he took it at 300 pounds raised with 
a velocity of 210 feet per minute, (being Vath more,) and 
for grinding two, three, four, or five bolls per hour, requires 
a power equal to that which could raise 300 pounds with 
the velocity of 350, 506, 677 9 or 865 feet per minute respec- 
tively. The difference of the power requisite to grind equal 
quantities of wheat to that for rye will be very trifling. 

To enable the young mechanist to understand the applica-* 
tion of his principles, he adds, as an illustration, that that 
number oi horses, or other applied power, which, by means 
of a rope (considered as without weight) passing over a 
single pulley placed over the mouth of a pit or well, can . 
raise out of it a load of 300 pounds avoirdupois, at the rate 
of 210 feet per minute, will be sufficient to grind one boll of 
corn per hour 3 and that a power which, in similar circum- 
stances, can raise the same weight of 300 pounds with a 
velocity of 350 feet per minute, will be able to grind two 
bolls of corn per hour, and so on. 

Having made some experimeiits to asceilain the friction 
of a mill, when going with velocity sufficient to grind two 
bolls of corn per hour, he relates the manner in which he 
made them, that the reader may be able to judge of the 
accuracy of his deductions. 

The mill was made quite clear of corn, and the upper 
mill-stone raised so that it would touch as little as possible 
on the under stone in its revolutions; then such a quantity 
of water was admitted to flow on the water-wheel, as to give 
the mill, when empty, the same velocity it had when grinding 
com at the rate of two bolls per hour, which quantity of 
water was sufficient to raise a joad of 300 pounds with 
a velocity of 1(K) feet per minute, which was therefore con- 
sidered by him as the measure of the friction. Now as the 
power requisite to grind two bolls of corn per hour, including 
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the friction of the tpill, is equal to that which can raise 
a weight of 300 pounds with a velocity of 350 feet^ per 
minute^ and the friction of the moving parts of the mill is 
equal to a power which would raise 300 pounds with a 
velocity of 100 feet per minute ; therefore the difference of 
the two, which is 300 pounds raised with the velocity of 
250 feet per minute, is equal to the power employed in the 
actual grinding of the corn, which is about two-thirds of the 
whole. 

The power equal to raise a weight of 300 pounds avoir- 
dupois, with a velocity of 390 feet per minute, will prepare 
proi>erly one ton of old rope per week, for the purpose of 
making paper: and, for preparing in like manner, two tons 
of the same kind of materials per week, requires a power 
equal to raise 300 pounds with a velocity of 525 feet per 
minute, the mill working from 10 to 12 houiNS per day. 


Tables^ showing the quantity of water (ale measure) re- 
quisite to grind different quantities of coruy from one 
to Jive bolls (Winchester measure ) per houVy applied on 
overshot water-wheels from 10 to 32 feet diameter ; also 
the size of the cylinder of the common steam’-engine to 
do the same work. 


The water-w'heel, 10 feel 
diameter. 


Bolls of 
corn 
ground 
per 
hour. 

Quantity of 
water requi- 
site, in ale 
gallons, per 
minute. 

Diameter of 
the cylinder of 
a steam-engine 
to do the same 
work, in inches. 

1 

786 

12-6 

4 


14-6 

2 

1341 

16-75 

n 

1617 

18-5 

3 

1824 

20-2 

3i 


21-75 

4 

2541 

23-25 

4i 

2891 

i 24-75 

5 

3242 

1 26-25 


The water-wheel, 11 feet 
diameter. 


Bolls of 
corn 
ground 

Quantity of 
water requi- 
site, in ale 
gallons, per 
minute. 

Diameter of 
the cylinder of 
a steam-engine 
to do the same 
w'urk, in inches. 

1 

705 

12-5 


945 

14-6 

2 

1188 

16-75 

2i 

1454 

18-5 

3 

1723 

20-2 

3i 

2014 

21-75 

4 

2306 

23-25 


2626 

24-75 

5 

i 2944 

26-25 
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The water-wheel, J2 feet 

The water-wheel, 14 feet 

diameter. 

diameter. 


The water-wheel, 13 feet 
diameter 


Cylinder, in 
inches. 


12-5 

14-6 

16-75 

18-5 

20-2 

21-75 

23- 25 

24- 75 
26-25 




655 

12-5 

873 

14-6 

1091 • 

16-75 

1343 

18-5 

1576 

20-2 

1840 

21-75 

2117 

23-25 

2408 

24-75 

2700 

26-25 



564 

12-5 

740 

14-6 

927 

16-75 

1140 

18-5 

135# 

20-2 

1583 

21-75 

1811 

23-26 

2060 

24-75 

2306 

26-25 


The water-wheel, 16 feet 
diameter. 

Bolls, 

per 

hour. 

Water, 
gallons per 
minute. 

Cylinder, in 
inches. ' 

1 

535 

12-5 

n 

710 

14-6 

2 

894 

16-75 

2i 

1090 

18-5 

3 

1290 

20-2 

34 

1503 

21-75 

4 

1717 

23-25 

44 

1967 

24-75 

5 

2211 

26-25 
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The water- wheel, 16 feet 
• diameter. 


Diameter of 
the cylinder of 
a steam-engine 
to do the same 
work, in inches. 


491 

12*5 

650 

14*6 

811 

16-76 

993 * 

18-6 

1176 

20-2 

1380 

21-75 

1582 

23-25 

1802 

24-75 

2023 

26-25 


'rhe water-wheel^ 18 feet 
diaqieter. 


Bolls of 
com 
ground 
per 
hour. 

4 

Quantity of 
water requi- 
site, in ale 
gallons, per 
minute. 

Diameter of 
the cylinder of 
a steam-engine 
to do the same 
work, in inches. 

1 

410 

12-5 

n 

595 

14-6 

•2 

730 

16-75 

2i 

860 

18-5 

3 

1054 

20-2 

3i 

1227 

21-75 

4 

1400 

23-25 


1600 

24-75 

5 

1800 

26-25 


The water-wheel, 17 feet 
diameter: 

The water-wheel, 19 feet 
diameter. 

Bolls. 

per 

hour. 

Water, 
gallons per 
minute. 

Cylinder, in 
inches. 

Bolls, 

At'ater, 
gallons per 
minute. 

Cylinder, in 
inches. 

1 ‘ 

458 

12-5 

1 

411 

12-5 

H 

628 

14-6 

14 

550 

14-6 

2 

770 

16-75 

2 

690 

16-76 

24 

943 

18-6 

24 

845 

18-6 


1117 

20-2 

Hi 

1000 

20-2 

1300 

21-76 


1165 

21-75 

1482 

23-25 

■II 

1330 

23-25 

1695 

24-76 


1517 

24-76 

1906 

26-25 

m 

1707 

26-25 
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The water-wheel, 20 feet 
diameter. 


The water-wheel, 22 feet 
diameter. 


Quantity of Diameter of 
water requi> the cylinder of 
site, in ale a steam-engine 
gallons, per to do the same 
minute. worh^ in inches. 


12-5 

14-6 

1675 

18-5 

20*2 

2176 

23- 26 

24- 75 
26-26 



DUmetcr .f 
the cylinder of 
e tteain-en(^ 
to do the sane 
work, in inches. 



n 473 

2 504 


3i 1007 
4 1153 
4i 1313 
6 I 1472 


The water-wheel, 21 feet 
diameter. 


Bolls, Water, 

per gallons per 

hour. minute. 


The water-wheel, 23 feet . 
diameter. 




12-6 

14-6 

16-75 

18-5 

20-2 

21-75 

23- 26 

24- 75 
26-25 


Bolls, Water, 

per gallons per 
hour. minute. 



Cylinder, in 
inches. 


12-5 

14-6 

16-76 

18-5 

20-2 

21-76 

23- 26 

24- 76 
26-25 




















The'water>wheel> 24 feet 
diameter. 


The water-wheel, 26 feet 
diameter. 



Diameter of 
the cylinder of 
a steam-engine 
to do the same i 
work, in inches* 


12-5 
14-6 
16-75 
18-5 
20-2 
21 -75 

23- 25 

24- 76 
26.25 


The water-wheel, 25 feet 
diameter. 



I Diameter of 
the oylinder of 
a steam-engine 
to do the same 
work, in inches. 


12-5 

14-6 

16-75 

18-5 

20-2 

21-75 

23- 25 

24- 75 
26-25 


TTie water-wheel, 27 feet 
diam'eter. - 


Bolls, 

per 

hour. 

Water, 
gallons per 
minute. 

Cylinder, in 
inches.' 

n 

316 

12-5 

U 

418 

14-6 

2 

620 

16-75 

ai 

635 

18-5 

3 

752 

20-2 

3i 

876 

21-75 

4 

965 

23-25 

4i 

1150 

24-75 

5 

1300 

26-25 



Water, i 
gallons per 
minute. 

1 

Cylinder, in j 
inches. 

293 

12-5 

385 

14-6 

482 

16-76 

593 

18-5 

703 

20-2 

822 

21-76 

940 

23r25 

1070 

24-75 

1200 

» 

26-25 
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The water-wheel, 28 feet 
diameter. 


The water-wheel, 30 feef 
diameter. 


Bolls of 
corn 
ground 
per 
hour. 

Quantity of 
water requi- 
site, in ale 
gallons, per 
minute. 

1 

282 

H 

370 

2 

463 

2i 

670 

3 

676 

3i 

791 

4 

905 

4i 

1030 

5 

1153 


Diameter of 
the cylinder of 
a steam-engine 
to do the same 
work 9 in inches. 


125 

14(5 

16-75 

18-5 

20- 3 

21- 75 

23- 25 

24- 75 
26-25 


Bolb oft Quantity of Diameter of 
corn 'water requi- Um cylinder of 
ground aite, in ale a (team-engine 


per 

gallons, per 

to do the same j 

hoar. 

minute. 

'work, in incites. 

1 

267 

12-5 

H 

355 

14-6 

2 

447 

16-75 

n 

545 

18-5 

3 

645 

20-2 

Si 

750 

21-75 

4 

858 

23-25 

4i 

963 

24-75 

5 

1106 

26-25 


The water-wheel, 29 feet 
diameter. 


The water-wheel, 31 feet 
diameter. 


Bolls, 

per 

hour. 

Water, 
gallons per 
minute. 

Cylinder, in 
iiK^ies. 

Bolls, 

per 

hour. 

Water, 
gallons per 
minute. 

1 

274 

12-5 • 

1 

256 


363 

14-6 

,1‘4 

340 

2 

455 

16-75 

2 

426 

2i 

567 

18-5 

24 

520 

3 

660 

20-2 

3 

620 

34 

770 

21-75 

34 

717 

4 


23-26 

4 

827 

44 


24-75 

44 

940 

6 


26-25 

6 

1058 


Cylinder, in 
incbea. 


12-5 

14-6 

16-76 

18-5 

20-2 

21-75 

23- 25 

24- 75 
26-25 
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The water-wheel, 32 feet 
diameter 


Bolli of 
corn 
ground 

hour. 

Quantity of 
water requi- 
site, in ale 
gallons, per 
irjinute. 

Diameter of 
the cylinder of 
a steam-engine 
to do the same 
work, in inches. 

1 

245 

12-5 

H 

325 

14-6 

2 

406 

16-75 

2i 

406 

18-5 

3 

588 

20-2 

3i 

690 

21-75 

4 

791 

23-25 


900 

24-75 

5 

1012 

26-25 


To make the foregoing tables applicable to mills intended 
to be turned by undershot or breast water-wheels: from 
Smeaton’s experiments it appears that the power required 
on an undershot, water-wheel, to produce an effect equal to 
that of an overshot (to which the tables are applicable,} is as 
2'4 to one ; and also the power required on a breast water- 
wheel, which receives the water on some point of its circum- 
ference, and afterwards • descends on the ladle boards, to 
produce an equal effect with an overshot water-wheel, is as 
176 to 1. 
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A Table f showing the necessary size of the cylinder of the , 
common steam--engine to grind differeftii quantities of 
com, from 1 io 12 bolls (4 to 48 bushels ff^cheste^ 
measure) per hour. 


Bolls of 
com 
ground 
per 
hour. 

Diameter of 
the cylinder of 
a steam-engine 
to do the same 
work, in inches. 

1 

12-5 

4 

14-6 

2 

1676 

n 

18-5 

3 

20-2 

3h 

21 75 

4 

23-26 

44 

24-75 

5 

26-25 

54 

27*25 

6 

28-1 

64 

29- 

7 

29-8 

74 

31-1 

8 

32- 

84 

33-3 

9 

34-2 

94 

35*2 

10 

. 36- 

104 

37*3 

11 

38- 

114 

38-85 

12 

39-5 


N. B. This table will be applicable to any improved 
steam-engine, as well as that of the common kind, if the ratio 
of their efficacies be kno^n. 

APPLICATION OF TIIE TABLES. 

Example I . — If a ttream of water, producing 808 gaUone, aU meoeure, 
per minute, can be applied to an overehot water-^wheel 20 feet diametert 
ufhat quantity of corn will it be able to grintLper hourP 
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Look in the tables under a 20 feet water-wheel, and opposite 808 gallons 
witi be found 2§ bolls of corn ground per hour. 

^xakpi^k n* — If a stream of water producing 803 gallons, ale measure, 
per minute, can be applied to an undershot water-wheel 20 feet diamatir, 
what quantity of corn can it grind per hour ? 

It IS found by *the tables, that, if applied on an overshot water-wheel 
20 feet diameter,' the stream will grind 2f bolls per hour; and from 
page 156, the power required by the undershot to that of the overshot 
water-wheel, to produce an ec^ual effect, is as 2*4 to 1 ; therefore, as 
2*4 : 1 : 2*5 : 1*04 bolls of corn ground per hour by means of the stream. 

Example 111,-— If a stream of water, producing 808 gallons, ah measure, 
per minute, can be applied on a breast water-wheel feet diameter, what 
quantity of corn can it grind per hour f 

It^ is found by the tables, that, if applied to an overshot water-wheel of 
equal size, 2^ bolls of corn will be ground per hour; and from page 156, 
the p ower of a breast water-wheel to that of an overshot water-wheel, to 
produce an equal effect, is as 1*75 to 1 ; therefore, as 1*75 : 1 : : 2*5 : 1*42 
bolls of com ground per hour by the stream. 

Example IV. — Of ynhat diameter must the cylinder of a common steam- 
engine be made, to grind 1 0 bolls of corn per hour ? 

By ?ooking on the table, page 157, opposite 10 bolls ground per hour, 
the diameter of the steam cylinder will be found to be 36 inches. 

FAMILY MILL AND BOLTER. 

As a family mill and bolter cannot but be highly useful in 
many situations, we shall give a descri^ion of one or two^ 
beginning with that invented by Mr. T. Kustall, of Purbrook- 
heath, near Portsmouth, who received a premium of forty 
guineas from the Society of Arts for his invention. 

In fig. 157, A is the handle of the mill ; B one of the mill-stones, 
which is about 30 inches in diameter, and five inches in thickness, moving 
with its axis C ; D is the other mill-stone, which, wlien in use, is stationary ; 
but which may be placed near to or at a distance from the movable stone 
B, by means of three screws passing through the wooden block E, that 

S rts one end of the axis C, after it has been j)ut through a hole or 
ation in the-bed stone. Tlie grain likewise passes through this 
perforation, from the hopper F, into the mill. 1*^ represents the hopper, 
which is agitated by two iron pins on the axis C, th'dt alternately raise the 
vessel containing the grain, which again sinks by its own weight. In 
consequence of this motion the com is conveyed through a spout that 
passes from such hopper into the centre of the mill behind, and through 
the bed-stone D. G, a paddle, regulating the (piantity of corn to be 
delivered to the mill, aiul by raising or lowering which, a larger or smaller 
proportion of grain may be furnished ; 11, the receptacle for tlie flour, into 
whidh it falls from the mill-stones, when ground ; 1 represents one of the 
woodeu supporters on which the bed-stone, D, rests. These are screwed 
to the block E, arid likewise mortised into .the lower frame-work of the 
mill at R, which is connected by means the pins or wedges, L, L, L, 
that admit the whole mill to be easily taken to pieces; M, a fly-wheel, 
placed at the farthest extremity of the axis C, and on which another handle 
may be occasionally fixed ; N, a small rail, serving to keep the hopper in its 
pkMtov furthest part of such hopper resting on a small pin, whidh 
admits of sufficient motion fi>r that vessel to snake forward the com ; O, 
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a spur*rail, for strengthening the frame-work of the mill ; P, the front 
upngbt, that is mortised into the frame-work, and serves as a rest for the 
end%f tl^ iron axis C, which is next to the handle. On each extremity 
of such axis there is a shpulder, which keeps it steady in its place. Lastly,^ 
there is a cloth hood fixed to a broad wc^en hoop, whicn is placed over 
the stones while working, to prevent the finer particles of flour from 
escaping. 

Fig. 158 represents the bolter, with its front removed, in order to display 
its interior structure ; the machine being 3 feet 10 inches in length, and 
19i inches in breadth, and 18 inches in depth. A is a movable partition, 
sliding about four feet backwards or forwards from the centre of the ^x, 
upon two wooden ribs, which are fixed to tlie back and front of the box, 
and one of which is delineated at the letter B ; C, the lid of ^e bolter, 
represented open ; D, a slider, which is movable in a groove made in the 
lid, by means of two handles in the back of such lid ; £, a forked iron, fixed 
in the slider D, and which, when the lid is shut, takes hold of the sieve F, 
and moves it backwards and forwards on the wooden ribs B, according to 
the agitation of the slider; G represents a fixed partition in the lower centre 
of the box, which it divides into two parts, in order to separate the fine 
from the coarse flour ; from this partition the slider A moves each way 
about four inches, and thus affords room for working the sieve ; H, a board 
that is parallel to the bottom of the bolter, and forms part of the slider A ; 
this board serves to prevent any of the sifted matter from falling into the 
other partition; I represents two of the back feet which support the 
belter. 

Fig. 159 is a ^iew of the top or upper part of the lid of the bolter; R 
the slider that moves the lengthwise of the bolter; LL the handles by 
which the slider is worked ; M, a screw, serving to hold the fork, whra 
imparts motion to the sieve. 

rig. 160 represents the forked iron, £, separately from the lid. ^ 

Both the mill and bolter may be constructed at a moderate 
expense, and they occupy only a small space of ground. 
The former maj^ even- be worked in a public kitdien, or 
within a room in a farm-house, without occasioning any 
great encumbrance. 

The particular excellence of this mill consists in this ciiv 
cumstance, that, from the vertical position of its Btones, it 
may be put in action without the intervention of cogs or 
wheels. It may be employed in the grinding of malt, the 
bruising of oats for horses, and for making hour, or for all 
these purposes : it likewise may be easily altered, so as to 
grind either of* those articles to a greater or less degree of 
fineness. 

Another advantage peculiar to Mr. Rustall’s contrivance 
is, that one man is su^ent to work it; though, if two 
persons, itamely, a mariVd a bov, be employed, the]^ will 
be able to produce, in the course of two hours, a quantity of 
fiour sufficient to serve n family, consisting of six or 
persons, for a whole week: — ^repeated satisfactory triafea have 
proved that this mill grinds the corn completely, atid at the 



160 TiIJi OPERATIVE MECHANIC 

rate of one bushel of wheat within the hdiin Besides, the 
industrious fanner will thus be enabled to make comparative 
experiments on the quality of his grain, and may fuAish 
himself, at a trifling expense, with flour from his own wfa^t, 
without apprehending any adulteration, or without being 
exposed to the impositions or caprice of firaudulent and 
avaricious millers. 

Lastly, thoug^h Mr. Rustall^s bolter be more particiilaily 
calculated for sifting flour, it may also be applied to various 
other useful purposes, and especially with a view to obviate 
the inconveniences necessarily attendant on the levigation of 
noxious substances, and to prevent the waste of their finer 
particles. 

In order to reduce the labour in grinding, and to adjust 
the power to the acquired force, and also to simplify mill- 
making and grinding, and to reduce the expense attendant 
upon them, so as to enable the farmer and housekeeper to 
be independent of the miller’s system of grinding, Mr. George 
Smart, of the Ordnance-wharf, VVestminster-bridge, in Apxil 
1814, obtained a patent for certain improvements in machinery 
for grinding corn, and various other articles, by means of 
which every article required to be broke or ground is exposed to 
the application of rubbers or crushers, restingon their fulcrum's, 
and pressed against the revolving body by means of levers, 
weights, or springs. The rubbers, or crushers, each acting 
on a separate axle, will admit of any irregular 'surface, from 
a square to a circle, to revolve against them, as each can 
be loaded more or less, by moving the weights on the levers 
fiirther fi*om, oj! nearer to, the fulcrum ; or, if witli springs, 
by screwing them more or less down. The rubbers or 
crushers may be plain, grooved, circular sided, concave, or 
any other figure best adapted for the substance to be broke 
or ground. The square or octagon ^re best adapted for 
brewing cement-stones, bones for manure, chalk, mixing 
clay, mortar, &c. For breaking malt, beans, &c. one crusher 
only is .wanted; but for wheat, oats, barley, rice, or any 
flour, or meal, the more rubbers or crushers the finer the 
article will be ground ; and the more flats there are on the 
revolving body, the more crushers can be applied to advantage. 



Abe most, comnionly used to sprinding coffee and spices ; 
but they are sometimes mad^"" of a larger size, and used to 
grind wheat, malt, &c. 3 in ^such cases the hand is generiedly 
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applied to a winch handle. In Bockler's Theatrum Ma^ 
chinarum there is a description of ^ wall, in which the effort 
of a man is applied to a lever movi^ to and fro horizontally, 
nearly as in uie action of rowing : as this is a very advan- 
tageous method of applying human strength, the effort being 
greatly assisted by the heaviness of the man in leaning 
back,, we shall give a brief description of it. 

It is represented in fig. 161. The vertical shaft £ O carries a tooth^ 
wheel C, and a solid wheel F ; the latter being intended to operate as a 

X lating fly. Upon the crank AB hangs one end of an iron I, the 
r end of which hangs uiK)n the lever H K» the motion being pretty free 
at both ends of this bar I. One end of the lever li K hangs upon the fixed 
hook K, about which, as a centre of motion, it turns. Then, while a man, 
by pulling at the lever H K, moves the extremity H from H to N, the bar 
I acting upon the crank A B gives to .the wheels C and F half a rotation ; 
and the momentum they have acquired will cany them on, the roan at the 
lever sufiering it to turn back from N to H, while the other half of the rota- 
tion of the wheels is completed. In like manner another sufficient pull 
at the lever H K gives another rotation to the wheel C, and so on, at 
pleasure. The wheel C turns by its teeth the trundle D, the spindle of 
which carries the^ upper mill-stone, just as the spindle D carries round the 
upper mill-stone in ng. 156. In this mill the nearer the end of the bar I upon 
the lever H K is to the fixed hook K, the easier, eateris paribtit, will the 
man work the mill. If the number of teeth in the wheel C be six times 
the number of cogs in the trundle D, then the labourer, by making ten 
pulls at the lever H in a minute, will give sixty revolutions to the upper mill- 
stone in the same space of time. 

In the Transactions of the Society of Arts^ may be seen 
a description of a mill, invented by Mr. Garnett Terry, 
of the City-road, for grinding hard substances, by means 
of a wheel turning upon a horizontal axis instead of a 
vertical one, as in the common construction. See fig. 162. 

THE FOOT-MILL 

Is used for grinding com or any other substance, moved 
by the pressure of the feet of men or oxen. A judicious 
construction of the foot-mill is given in G. A. Bockler's 
Tkeatrum Machinarum. 

This mill is represented in fig. 163. A is an inclined wheel, which is 
turned by the weight of a man, and the impulsive force of his feet while 
he supports himself, or occasionally pushes with his hands at the horizontal 
bar H. The fa^e of this wheel has thin pieces of wood nailed upoxi it at 
proper distances, to keep the feet of the man from slipping while he pushes 
the wheel round : and the unto side has projecting teeth or waves which 
catch into the cogs of the tnindtrB, and by that means turn the horizontal 
shaft G with the wheel C : this latter wheel turns the trundle D, the axle* 
of which carries tihe upper mill-stone £. This kind of fi>ot-mill will 
Mswer extremely well to grind malt, &c. when no veiy great power is 
required. 
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KNEADING-MTLL. 

Thb business of grinding and baking is in one sense so 
closely connected, that we shall in this* place present a 
description of the kneading-mUl ; which is meant to do away 
with that disgusting practice among bakers of kneading Ihe 
dough with their bare feet. It would be well if the legi^- 
ture paid some attention to tlua, which is still carried on m 
some parts of the metropolis, and particularly in the kiieading 
of dough for biscuits. 

In the public baking-houses of Genoa a macliine is used 
which produces a great saving of time and labour. ' It wad 
first described in the jitti della Sodeta Patriotica di Milano^ 
vol. ii. 

A, in fig. 164, is a frame of wood which supports the axis of the machine : 
a wall 14 palms high from the gro^d rjay be made use of instead of 
this frame. B, a wall, 34 palms thick, through which the aforesaid axis 
passes. C, another wall, similar to the former, and filing it at the distance 
of 21 palms. D, the axis, 30 palms in length, and one palm and 0ne4hird 
in thickness. £, the great wheel, fixed to die saidt^axis, between the frame 
and the wall ; its diameter is 28 palms; and its breadth, which is capable of 
holding two men occasionally, is five palms. F, are steps, by treading oq 
ifAiieh, the men turn the wheel very smartly ; they are two palms distant 
from each other, and one-third of a palm in height. G, a smaU wheel with 
cogs, fixed almost at the further extremity of the axis: its diameter is 
t2i palms. H, a beam of wood which extends from one. wall to the other, 
being 21 palms in length, and one and a third in thickness. A similar beam, 
not seen in the figure, is on the opposite side of the axis. I, a transverse 
piece of wood, placed near the wall C ; it is fixed into the twQ beams, and 
serves to support the further extremity of the axis ; its length is 14 palms, 
and its thickness one and a third : there is likewise a transverse piece (which 
cannot be seen in the figure) 14 palms long, and half a palm thick, placed 
close to the wall B. K is a strong curved piece of oak, fixed transversely 
in the side beams H, to receive the axis of the trundle: its length is 14 
palms, and its thickness If. L is a trundle of 54 palms in diameter, 
and 14 in height, which is moved by the cog-wheel G. M is a trundle 
proceeding from the trundle L, and continued through the cross N to the 
Dottom of the tub P; its centre is made of iron, partly square and partly 
round, and it turns in a socket of brass. The first part of this axis between 
the trundle L and the cross N is of square iron, surrounded by two pieces 
of wood, held together by iron hoops, which may be removed at pleasure 
to examine the iron within ; its length is three palms, its diameter about 
oile palm. The second part of the axis which is within the tube, is made 
Nkff the first part; its length is tf palm, its diameter T^. The wooden 
khdalh of this part of the axis is fixed to the .bottom of the tub, by the means 
Of three 8ere*w8 with their nuts. This axis is distant one-third of a palm 
ften the nearest triangulacr beater of the cross. N, the cross, formed of two 
tars of wood unequally divided, so that the four arms of the cross are of 
dMmrt lengthf r onr of the two pieces of wood of which the cross is made, 
ii fix palms in length, the other fire ; thefr thickness is of a palm. 
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ttid their breadth one palm. O, four pieces of wood, called of a 

triangular shape, iiaed Tertically into the extremities o^ and underneath, 
the arms of the foro-mentioned cross; they are If palm in length, and half 
a palm in thickness, and beat or knead the dough in the tub at unequal 
^ distances from the centre* P is a stout wooden tub, about a quarter of a 
palm Uiick, well hooped with iron ; its diameter is six palms, its height 1| in 
the clear. Fig* 165 is a box or trough of wood, four mlms long, and 
three wide, in which the leaven is fi>nned (in about an hour; in a stove, and 
in which it is afterwards carried to^the tub P. Fig. 166 exhibits a view of 
the trundle, cross, &c. with asection of the tub* Fig^ 167 is a birdV^e view 
of the cross and tub, with the upper ends of the triangular beaters. This tub 
. P will contain about 18 nibbi (about 19 bushels) of flour, which is carried 
to it in barrels: the leaven is ^en carried to it in the box or trough, and 
when the whole is tempered with a proper quantity of warm water, the 
men work in the wheel tin*the dough is properly and completelv kneaded. 
In general a quarter of an hour k sufficient to make very good dough ; but 
an experienced baker, who superintends,* determines that the operation 
shall be continued a minutes or lesir, according to circumstances. 

t The measures in the preceduig^ description are given in 
Genoese palms^ each' of whicb is very nearly equal to 9.85 
of our inches* The mflichinery;mayJhe varied in its construc- 
tion according '(o« circumstances'^ and the energy of the first 
mover muchtbetter applied thhn by men ivalki||g in a common 
wheel. ' * 

In November, 1811, "a patent was granted to Mr. Joseph 
Baker, navy contractor, for a method of kneading dough by 
means of machinery. The invention consists in having an 
upright shaft, turning on a pivot, fixed in the centre of a 
circular trough, so that; the doughdplaced in such trough may 
be kneaded % a",stone or. iuon roller, on its edge, passing 
oyer i^ in a rotatory motion, b^g fixed at a due distance by 
an horizontal bar or "axle to the shaft,, '^bich is to be turned 
by means of one, or more other horizontal bars likewise fixed 
thereto, and worked like a capstan by apropoHionate number 
of bipeds or quadrupeds, such horizontal bars having stnsdl 
shares fixed to them, so as to run in the trough, and, acting 
like a plough, cause the dough to present fresh surfaces for 
each successive revolution. 

Independent of the methods aboye quoted, many others 
might easily be adapted, to do away with the filthy practice 
to which we have alluded. 


m2 
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THE STEAM-ENGINE. 

Thb most promifient feature in modem discovery is the 
iteam-enginej which has^ with much propriety, been deno- 
minated the noblest monument of human ingenuity.^’ The 
Marquis of Worcester, who lived in the reign of Chaiies II., 
is entitled to the honour of having first directed the attention 
of mankind to the expansive force of steam when used in a 
close vessel: but in the book published by him in 1663, he is 
not sufficiently explicit or intelligible, for us to determine 
what kind of apparatus, or combination of machineiy, was 
used by him for the guidance of its powers. It is however 
but reasonable to suppose, notwithstanding the vagueness of 
his expressions, that it was principally owing to the direction 
bis observations gave to the minds of others that steam began 
to be used as a first mover of machinery. 

When water is exposed to the action of heat, it expands 
and assumes the gaseous state called steam. When it is 
confined in close vessel, and heat is applied to it, the 
quality of expansion is exerted to a powerful extent; and as 
the space between the top of the water and the top of the 
vessel is filled with atmospheric air, the first portion of the 
power, exerted by the expansion of the steam, is directed 
towards the displacing of that atmosphere from the situation 
which its weight had assigned it, and, consequently, such 
portion of the direct action of the expansive force of steam 
IS to be deducted from^its disposable power. This portion 
of power is, however, ultimately available. For as by a 
reduction of temperature steam reassumes the state of water, 
leaving the space which it had occupied again void, the 
atmosphere which it had displaced returns to its former 
situation, exerting a force, so to do, exactly tantamount to 
that which the steam had exerted to displace it. Thia force 
may be termed the consequent power of steam. The direct- 
ing and controlling of these powers, so that they may be 
applied to the purpose of creating equable motion, is the 
object attained almost to perfection in &e steam-engine: and 
it is the more accurate control, the more advantageous 
application, and the more economic production of these 
powers^ that have been aimed at in its various modifications. 

For more perfectly illustrating the mode in which steam operates we will 
suppose the vessel, represented at fig. 168, to be filled with water up to 
the line A, and the space £ occupied with air, and having a plug or piston 
fitting it at C, and an aperture at D ; now if the aperture D be closea, and 
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heat applied to the water, as at F,, 0 team will be generated, and hy iU 
expansive force will raise the piston C upwards; then if the heat be with*- 
drawn and the Tesseriudd^diy c^eueatieu will take {dace ; the 

steam, reassuming the Ibrm of water, will ageiu occupy the space Uelow 
thelinO^A; andr iin pisttm C will tAfom to its plat^. in this experiment 
the expdnatVe of |he steam uompressed the gir in the Space and 
forc^ the plug C ,upvfards, we will suppose, to H; biit C, in travelling to 
^ oihch of the atmosphere as oObupi^ the' lube fiom C to H ; 
cdnsequtoly,' the ' portibii 'sd cRsplaeed will seek to Wuine its natnial 
pO^tiod;* and^ when the force of tne steam is withdrawn by condensation, 
we of that portion of the atmosphere will again return the phig C 

taits,ffic^; .by)W^ch,fit is.oovious, that, the raiskig of the plug was the 
d^ect action of the stekm,. and the returning its eonsequent actio% or 
the action of ' the atostapherb in consequence of its having been displaced 
by the force of the steam* . * 

Again, if ire suppose the tdtig to be in its first situation, as at C, and we 

T n the aperture at D, and apply heat, the steam will rise into the space 
and expel the air through Che aperture D, which being closed, and 
condeqsatiqn caused, the space £ will be left a vacuum, and the atino^ 
sphere kicking to occupy that space will force the plug C down to the Une 
A ; here the movement of the ]^ug C was solely caused by the atmosphere 
exerting itself to ^ regain the position whence it had been expelle^by die 
force Of the steam through D, and this effect is performed by theconse* 
quent ^wer of steam alone. 

It has been found by experiments, dial the pressure of the atmosphere is 
equal to about 14 pounds weight upon ev^ square inch, so that sup- 
posing the superficies of the aperture of the vessel, fig. 168, to contain one 
square inch, the power exerted by the steam in raising C to 11 will be 
tantamount to raising 14 pounds weight that height, together with the 
power necessary to overcome the friction and weight of the piston C, in 
the cylinder; and, that the power exerted by the steam in exjfolling the 
atAio[q>here from the space £, and obtaining its consequent pressure to the 
raising of 14 pounds from A to C ; and that the disposable power, obtained 
by the return of the. piston from H, will, in the first instance, be equal to the 
raising of 14 pounds weight from C to H, less the amount of the friction of the 
piston C ; ana, in the second, will be equal to the raising of 14 pounds weight 
from to A, less the amount of the friction as before. In both these instances 
fhe expansive or direct force of the steam has only been considered as equal 
to the displacing of the atmosphere, pr what will be equal to 14 pounds 
pressure on each superficial inch ; but if the piston C be loaded with any 
weight, the steam will, if urged withlsufficient heat, raise it, always premising 
that the vessel is strong enough to resist the increased pressure. Suppose 
C to be loaded with 10 pounds of weight, the steam, must be uiged until its 
pressure is equal to 24 pounds, 10 pounds more, '14 pounds the pressure 
of the atmosphere on each square inch, and the resulting dit^posable force 
will be equad to 24 pounds more, the weight of C,. less its friction return- 
ing to the place from where C wSS raised ; so that, in this case, the pressure 
on the intemal sides of the vessel, tending to burst if, will be equal to 
10 pouni^ per square, inch of the intemal mperficies, the remaining 
14 potmds being counteracted by the pressure of the atmosphere on the 
external surface, which is eqtt^ to 14 pounds of the intemal pressure. By 
this, it is evident, that the miect fo|ce of steam may be increased without 
limits, whereas the resulting force or pressure of the atmosphere is mani- 
liestly bounded to 14 or 15 pounds on the square inch acc^ing as its 
density varks ^ 
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Trusting’ from this explanation that even those who are 
unacquainted with matters of this nature will dearly compre- 
hend the^ iniinner in which the expansive force of steam 
operates^ we shall proceed to explain the different meebanied 
combinations Which have been formed to render this power 
subservient to oiir will: premising that what we haVe hereto^ 
fore called the consequent power of steam will^ id futnr#^ be 
considered the pressure of the atmosphere^ which' in fact 
it is^ having adopted the other term in the introductory 
explanation^ in order more clearly to impress on the mind^ 
that the expansive force of steam is actually the Only originator 
of power in this machine. 

The first apparatus with which we are acquainted^ cmi- 
structed for the purpose of employing steam as power to act 
in a dose vessel^ was invented by a Captain Savary^ for 
which, in the year 1698, he obtained a patent. The form of 
it, as invented by him, is represented in fig. 169. * 

a, ariose boiler, placed on a furnace, and of sufficient strength to resist 
oonsiderable pressure; B another vessel strongly constructed ; ea a pipe with 
a cock in it at i, by means of wliicb a communication can be made from a to B 
at pleasure ; e a pipe proceeding downwards into a well or other reservoir of 
water; /jf another pipe proceeding from B to a reservoir placed above^; 
A A is a pipe communicating from B to the pipe //, and having a cock in 
it at k to allow of, or cut off, such communication ; m is a valve capable of 
closing the pipe e by pressure from above, and of opening it by pressure 
from belO0^; I a similar valve fitted to the pipe and capable of being 
acted upon in a similar manner. If the boiler a be filled with water to the 
dotted line, and heat applied by means of the furnace, the steam will rise 
in the boiler, and, passing through the pipe c c, fill the vessel B, and pass 
up the pipe/y[; the valve m being shut by the expansive force of the steam 
pressing upon it : if the cock « be now shut and the steam in the vessel B 
condensed, by throwing cold water upon its outer surface, the atmosphere 
pressing on the valve m will close it, and the interior of the vessel B remain 
a vacuiun, and the water in the reservoir to which the pipe e passes will be 
forced by the external pressure of the atmosphere into the vessel B' up to 
the dotted line, which is supposed to be aoout 20 feet from the sui^ice 
of the water in the reservoir, Deing the length of a column of water, which, 
taking into account that the vacuum thus formed is not quite perfect, is 
eaual to the pressure that will be exerted by the atmosphere. Irthe cock 
i be opened a^in, and the steam allowed to press on the surface of the 
water, in B, it will close the valve m, and cause the water to ascend the 
pipe through the ‘valve /, to the upper reservoir ; and when the cock i 
IS again shut, and the steam in B again caused to condense, the operatiem 
will repeated, and the weight of the water in the pipe //will dose the 
valve, i, ar^ the vessel B to be filled by e ^ before. 

- Such was the, construction and mode of opemting with the first apparatus 
made by Captain Sava^^. But he, finding it inconvenient to cause con- 
densation by means of throwing cold water upon the outer surface, introduced 
the pipe kh into B, which, b^ opening the cock A, allowed some portion of 
Ae water to pass firom the pine /f, i^ich was always fuU after the first 
stroke, and tliereby cause conaensation more quickly to ensue. 
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The trial or gaiifi:« cocks a, were <aUo contrived by Captain Savaij, in 
order to ascertain the height of the ^ater in the boi&. If the surf^ of 
the water is above the lower ends of the cocks^ and the cocks be opiiied, 
water win issue from them; if below, steam. But if the water is uits 
proper level, that is to say, if the surface of the water be in the inter- 
meaiate space between the ends of the cocks e and oo. Water will issue 
from the former, and steam the latter. This knowledge was neces- 
saiy ^ he obtained ; for should the surface of the water exceed the height 
of the coQks o, there will not be room for a sufficiency of steam to remain 
in store for continued operationT. 

The appUcatf bn oS this engine was confined to the raising 
of water to smifl l^ighti^ as it operated only by atmospheric 
pressure '; in deep mines it was found not to be efiective. Talc- 
ing into consideration^ however, the then imperfect state of 
knowledge, so far as regarded steam as a first mover, the 
inveniw is entitfed to no inconsiderable degree of praise for 
this specimen of his ingenuity. The greatest objection to 
this ihode is, the great waste of steam, and consequent 
unnecessary expenditure of fuel, arising from the condensa- 
tion being effected by allowing cold water to come into 
contact with the steam in the vessel B« 

At the time when the existence of this engine was first 
made known to the public, the amazing power of steam, 
which it so plainly demonstrated, began very deservedly to 
obtain the attention of ingenious men; and disputes for the 
honour of the disbovery took place, the English ascribing it 
to the Marquis of Worcester, the French to Papin. 

Without entering into the minutiae of this contest, it will 
be BuflScient for us to trace progressively the grand improve- 
ments that have taken place in the steam-engine in this 
country: though not forgetting to mention the accessary 
improvements derived from foreign aid. Of this latter is the 
safet;^ valve, an instrument, though in itseff simple, of such 
vast importance, that to it may be attributed the general 
introduction,and consequent inmrovement,ofthe steam-en^ne 
to its present existing state oi perfection. It was contrived 
by Dr. Papin, who, at the time of Captain Savary’s invention, 
was making experiments on the power of steam at high 
temperatures, for the puiipose of dissolving bodies. It con- 
sists merely of an aperture of a specific dimension, suppose, 
for instance, one square inch, in or communicating wiUi anv 
close boiler, and a valve properly fitted in that aperture, such 
valve being on the outside loaded to any extent considered 
necessary to resist the force of the steam until it has 
acquired a certain de^ee of power, computed to be what the 
boiler is perfectly capable of sustaining witliout the chance of 
bursting. Now it is manifest, until the pressure of the steam 
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within has tx^rted itself so as to false such weighty the 
interi^ pressure per square inch^ tending to burst the boiler^ 
ddls. hot' ekceed the amount of su6h weighty so that^ . by this 
Bofeans^ an estimate of the changes of .such an occurrence 
iidcing phme^can easily be made. 

Tlie contrivance by Dr. Pgpin^ of placing a piece of wood 
to float upon the siirface of the water^ though an impUpve- 
ment in this stage of the en^ne> is how of no impoitahce : 
but it is not improbable^ that this first suggested the idea of 
a close fitted piston working ifi a cylinder^ which constituted 
the most valuable part in the next step of advancement. 
This was effected by an ironmonger qr ^ smith of the name of 
Newcomen, and a glazier of the name of Cauty, residing at 
Dartmouth, in Devonshire;, udio were contented to share the 
profits of the invention with Savary, and ^jointly with him 
obtained a patent for it in the year 1705. 

This engine, generally callea Newcomen's engine, was the 
first that had a piston fitted to work in a cylinder, which, 
together with the beam, gave to the construction of the 
machine a new character. 

An engine upon this construction k represented in fig. 170, where A is 
a boiler placed upon a furnace ; B, a cylinder, bored true, and having the . 
piston c fitted to work easily therein ; 9 , a eock in the pipe forming a corn- 
munication from the boiler to the lower part of the cylinder ; S, a safety 
valve loaded by the weight at the extremity of the lever r #, pressing upon 
the upright pin of the valve at « d d, a. pipe leading from the cylinder B 
to the reservoir 1 , with the cock e tor opening and closing the connection ; 
fff another pipe leading also from the cylinder to the reservoir k, liaving a 
valve at the lower extremity, opening outwards, for the purpose of allowing 
any accumulation of condensed water in the cylii^der to run off, and 
through which the air may be ejected by the steam when filling B; LU is 
a beam, supported upon the wall K K, and capable of vibrating upon the 
centre tJ ; <1 is the rod of the piston, fastened to the curved end of the beam 
by a chain ; mm the rod of the pump, fixed to the beam in a manner 
similar to the piston rod ; the pump is placed in the well or pit with 
the weights o o hanging upon the pump rods sufficient to counteiv 
halance the piston and rod on the other end of die beam, and keep it raised 
to the top of the cylinder ; p p is a pipit leading from the pump in the well 
to supply the cistern t. 

Supposing the piston c to be in the situation e*, near the top of the 
mrlinder, and the steam in the boiler to be urged by fire in the furnace, and 
the cock g to be open, die cylinder B will become filled with steam, and 
the air that is in it be expelled by the pme / fy and through the clack-valve 
at th^ end, which, from the noise by such expu&ion is called the 

snifting-cladc. If the cock q be closed, and that at e opened, water will 
rush from die reservoir a into the cylinder, an^ by causing an immediate 
condensation of the steam create a vacuum, so that the pressure of the 
atmosphere will operate upoit and force down the piston c to the bottom 
of the cylinder, and Cause the other end of thO' beam L to rise as much as 
that end falls, which makes one stroke of the pump-rods. If the cock e he 
now closed, and g opened, steam will force against the bottom of c, and by 
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oTeicoming the msfUTe oi the atmotphsre again raiae it to its origiiiM 
position ; and f oeing again closed, a^ e opened, the pefitoalice of a 
similar operation will be effected* 

The adTantage sought in the construction of this sort of engine was 
obtained, namely, that of not being required to use steam of greater 
pressure than the atmosphere, which was the casein Savaiy's engine, when 
the height the water was to be raised by the pipe //, .169, ^exceeded 

more than about S2 feet. In Newcomen’s engine, the weight o 0 balances 
the piston c, and the exertion of the steam is never required to be more Uum 
about 14 pounds to the superficial inch; whilst the introduction of the 
beam afibids a movement applicable to uie working of pumps, by whi<^ 
water can be raised to any required height. 

The cocks g and e were opened by the hand of an attendant until a boy 
of the name of Potter, who was intrusted with the management of them, 
to save himself the labour and attention which they required, ingeniously 
contrived to attach a piece of string to the levers of the cocks, and to the 
beam L L, in such a manner, as to procure by its movement their being 
opened and shut at the proper periods. It was this gave the idea for the 
construction of that part of the present engine called himd-geer. 

The next person who made any considerable improvement 
in the steam-engine was Mr. Henry Beighton, of Newcastle 
who invented the part called the plug-tree, for opening and 
shutting the valves, which we snail describe in a more 
advanced part of the work: he also adopted a force-pump, to 
supply the deficiency of water in the boiler caused by the 
expenditure in the production of steam. This engine, called 
Beighton's fire-^engine^ w^as much used for nearly half a 
eentury ; and the attention of engineers was directed more 
towards the economizing of fuel, than the further improve* 
ment of the engine. • 

At length, however, it began to be"‘ perceived, that the 
attainment of a rotatory motion would open an extensive 
field for tiie application of its powers to various mechanical 
purposes ; and, accordingly, we find the attention of engineers 
most actively engaged in endeavouring to effect so desirable 
an object, which was eventually accomplished by Mr. Matthew 
Washbrough, of Bristol, who, in the yeaif 177^5 obtained a 

! >atent for the application of the crank. Though this is by 
ar the best application that has been vet applied, as is 
evident from its now almost universal Moption, it wp for 
some time superseded by the sun and plimet wheels intro- 
duced by Messrs. Boulton and Watt. 

The sun and planet wheels are represented in fig. 171. A represents the 
end of the beam, to which is affixed, by a movable centre at P, the rod B, 
called the|ponnecting rod, upon the lower end of which is immovably fixed 
the wheel C ; D is a cog-wheel, fixed upon the axis of the fly-wheel 
G G G G, and capable of revolving with it. When the beam A passes 
downwards, the wneel C changes from its position at C to C*, and its c^, 
acting upon those of the wheel D, cause that, and the fly-wheel to which 
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it'ls attached, to {>erfbnn that portioiii of a MvoliitioB.fmii^ *11^ cufis. Tba 
wheel C, front the manner in. which k ia atispended, tca»dt alwiwe to preM 
aeaiust D in its downward and upward motions, yfhsh. O ist in.ihe position 
of C*, the wheel D, from the velocity it has acquired by its oonneotion with 
the fly-wheel, causes it to pass under the centre of and the beam begin- 
ning immediately to ascend, operates by C on the other side of .D, giving it 
another portion of impulse towards a oontimious motion v^iist passing 
from C* to and when it arrives at G* it will be impelled over the centre 
D D by the velocity which its own action had given me fly-wheel. 

The crank and fly-wheel invented by Mr. Matthew Washjbrough is shown 
in fig. 172. A and B represent the same parts as in fig. 171, but the lower 
end of B is, in this case, attached to the crank C at c*, and is capable of 
revolving round the centre £; the other end of the crank is attached to the 
fly-wheel D D D D, so that both that and the fly-wheel are capable of 
revolving round the centre B. When the beam A is depress^, it com- 
municates motion to the crank and fly-wheel to which it is attached, and 
wlicn it arrives at H, the velocity of the fly-wheel causes it to pass under 
the centre £, and die beam beginning immediately to ascend, again com- 
municates motion to the fly-wh^l. 

The length of the connecting rod B should be such that 
lirhen the beam A is in an horizontal position^ the crank wiU 
likewise be the same; and when the crank is in the position 
as at G, its lengthy together with the length of the crank, 
such as to permit the otiher end of the beam. A, to descend 
until the piston which is attached to it is at the bottom of 
the , cylinder; and the length of these and the cylinder such, 
that when the crank is in the position H, the piston shsdl be 
at the top of the cylinder. This method not only affords a 
rotative motion, hut determines the length of the stroke 
which the piston may be required to perform, to an exactness 
that is of great importance ; for prior to its introduction, the 
forcible striking of the piston against the top and bottom of 
the cylinder, which was attended with injurious effects, was 
an ' occurrence by no means unfrequent, and which the sun 
and planet wheels were in no way calculated to remedy. 

Mr. Watt, a ns^ive of Glasgow, having his attention ac- 
cidentally directed to the construction of the steam-engine, 
discovered that water, when confined in a close vessel, and 
heated considerably beyond the boiling temperature, would, 
when the steam wi|l pennitted to escape, cool rapidly down 
to the boiling point, which suggested an idea, that the 
amount of steam issuing from any vessel was simply in pro- 
poiliion to the amount of heat applied, and that the economiz- 
ing of flier could only be obtained by the economizing of 
ste^m. Mr.Watt also noticed the great change which tgok place 
in the temperature of the cylinder when Uie cold water was 
injected to condense the steam; and concluded, that as the 
coldness of the cylinder would remain after the necessary con- 
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densafcion had bee^i effected^ a Vastefql con4^i^alii>]| of ihh 
newlv introduced steam must take place. By experiment, he 
founds that the quantity of steam thus wasted was no less than 
thrice the contents pt the cylinder^ or three times the quan*^ 
tity^ which was required for producing the effect sought. The 
modes to which he had recourse to remedy this defect were 
firsts the Bubstitutimi of a wooden cylinder^ which^ upon 
repeated trials^ he was compelled to arandon^ on account of 
the roughness produced by wet and the changes of temper- 
ature ; secondly, the enclosing of the Cylinder with wood, and 
filling the intermediate space with powdered charcoal ; which 
afterwards Was saperseded by the introduction of an extra 
cylinder, that enclosed, the working cylinder, and permitted 
steam to flow round it, which maintained it at a regular tem- 
perature. The outer cylinder is termed a jacket, and is now 
used \nth advantage, 

In the year 1763, Mr, Watt made the grand improvement 
of effecting the condensation in a separate vessel, communi- 
cating only by a pipe to the cylinder, termed the condenser. 

In fig. 1789 A is th^ lower part of the cylinder; B the condenser; C the 
eduction pipe, or pipe of communication between the cylinder and condenser, 
capable of being opened or closed by tlie cock c / and 1>D a chamber of cold 
water^^in which the condenser B is immersed. When the cock c is 
opened, Uie steam, by its*elastic force, rushes into B, where it is condensed ; 
and the space it has left in the cylinder allows a hew supply of steam to be 
generated, which, by the opening of the cock e, also passes into B, and is 
similarly condensed.^ The condensing of the steam necessarily accumulates 
water in B, and reduces the capacity of the condenser; to remedy which, 
Mr. Watt uitroduced a small pump, worked by the endne, to withdraw the 
extra water, as also the air, which in some degree hindered the perfectness 
of the vacuum : he named it the air^mp. He also found it expedient to 
permit a small stream of water to run from the chamber DD, by means of a 
cock, which could regulate the supply according to the teinj^rature of the 
water in D, or the required rapidity of the condensation. The cistern iu 
which the condenser is* placed is called the cold-wafer chtem; it is con- 
tinually being supplied with fresh water from a pump connected with a 
well or pit, and tne overplus u disclMirged by a spout into a drain. The 
hot water drawn from tne condenser by the air-pump is delivered into 
another cistern, termed the hoUwater cistern. 

These parts are represented in fig. 174, where thetr distribution is such as 
to esdiibit them conveniently without taking into viefv their construction in 
any particular engine, as their form and relative position is of no import- 
ance, and is arbitrarily varied as the different builders think fit, or su con- 
veniency or circumstances may in many cases require. A is the cylinder ; 
Btlie. condenser; C the air-pump; ££ the cold-water cistern; F the cold- 
water pump for supplying the same ; SS the steam pipe from the boilac 
H the eduction pipe from the cylinder to the condenser ; OO the hot-water 
dttem ; N the injection cock for allowing a small stream of water to flow 
into B; P the hot-water pump, which forces a sufiiciency of water from the 
hot-water cistern tlirough the pipe q to keep up the supply in the boiler 
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rt 1 1 mre fixed to die beam And woriced by Its motkm; ^ it a 

liaction pip^; iiad in the foot^Tolve. The pipe i aaid4he ▼alTe V^i^niiig; 
^iwardil, are the purpose of permittiug tne jrteam to pass thresh to 
expel the atmosphere from the condenser, calUd, a blow-valve, and tlm bj 
own condensation to leave a vacuum on the starting of the engine. ^ 

A cbnimunicadon is made from the condenser by a pipe to the upper past 
bf si tube etanding in a basid of menmty. The amount of AisiKettry in die 
tube will indicate the perfectness of the vacuum in the condenser, by ex- 
hibiting the height at which it is supported by the pressure of the atmospnere. 
If the vacuum is perfect, the mercury will stand from 28 to 31 inches. 

The only difference between the workinff uf this engine and 
those already described is, that the pipe HH, instead*of being^ 
an injection pipe for the admission of cold water to the cylin^ 
der^ merely leads off the steam to the condenser B, therefore^ 
when condensation is to be effected, the cock A is opened .to 
admit the steam from the cylinder into B, there to become 
cqpdensed, whilst the continued action of the pump C maii^ 
tains a vacuum in B, by drawing off the condensed water and 
the air. The cold-water pump F keeps up an abundant 
supply in the cistern E £, and the superplus is discharged at 
, thus maintaining a depression of temperature sufficient 
•JO procure condensation in B. 

Such was the importance of this alteration in the mode of 
construction, that one half the quantity of fuel consumed by 
an engine of the former construction saved. Still,»how- 
ever, the engine was not complete ; the*pi8ton was required to 
have water kept upon its upper surface to keep it air-tight, and 
as this, in the descent, cooled the cylinder, considerably^ it 
was, as is evident from what has been already stated, when 
speaking of the former mode of injecting cold water, pro- 
ductive of a loss, to which Mr. Watt turned bis serious 
attention, and eventually succeeded in remedying the evU« 

The next construction of the engine is what is now .called 
the single acting enrae, and as the ^ improvement con- 
sisted merely in the cyunder, a diagram of that will be sufficient 
to make it clearly understood. Finding, as has been, stat^, 
the disadvantages attending the open-ended cylinder, w- 
Watt conccivt^ the idea of closing the top of the cylmdi^r, 
and of causing the piston-rod to work through a close collar 
stuffed with hemp and grease; and instead of making use pf 
watev to yffoeuve the piston working air-tight, of using oU pr 
fat as a substitute ; and instead of causing it to descend by the 
pressure of the atmosphere, of employing s>teain of an ex- 
pansive force equal to that pressure. 

In reference to fig. 175, A is the cylinder ; B the piston ; OC thO stUlBiig- 
box filled with hemp moistened wifh talloW, having its cap screwed firmly 
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down by two screws, so os to fym a steam-tight joint loiwd thepiston-roi. 
The piston-rod being turned true, and is ca^le of working op 

anddown throm|||||he steam-tight joint. V is the steam tending nrom 
the boiJer; K iSBiictioa pips l^ing to the condenser; H and I are tW6 
Talves upon the 103 L, whidi passes through stuffing*boxes, or steam-tight 
joints, at m n. While raising and lowering^ the rod L, the TaWes H and t 
open or close their resp^tive apertures D and K. g* is a valve which affords, 
when open, a communication Mtween the top and bottom of the cylinder 
through the pipe P £, and from thence Uiiough 0. Its spindle, which is 
hollow, woru in a steam-tight collar at N, and bis the rod L passing 
through it, likewise steam-tight, in such a manner, that the rod L, with its 
valVes, may be moved independent of the valve g, or the valve g independ- 
ent of the*rod L.. If the valves are placed as represented, I and H open, 
and g shut, and the steam be permitted to come from the Mleir through D, 
it wUl p^s. through H, and enter the top of the cylinder at P, depressing the 

S isfon B by its elastic force, whilst the lower part of the cylinder is open 
iroug)^ O and K to the condenser. When the piston is depressed to B‘, 
the rod L must be moved downwards, and the valves Hand 1 closed, and 
the valve g opened, that the steam, by its elastic force, may pass through 
P £ and the valve g^ and act equally upon the lower as well as the tipper 
surface of the piston ; the piston, therefore, being in an unbiassed state, m 
regards the pressure, will again be raised to its original situation by the 
counterpoise weights acting at the other end of the beam, and the steam will 
pass from above to below the piston. When it has arrived at that place, 
the valves may be again put in their first position, as represented in the 
drawing, when that at I, being open, affords a communication through O K 
for the steam, which now occupies the cylinder below the piston, to pass to. 
the condenser, whilst fresh steam forces through D upon tne upper surface 
of the piston tantamount to the pressure of the atmosphere, and produces an 
effect uilly equal to that obtained from an atmospheric engine. 

In the engine just described, the beam was drawn down by 
the pressure of the steam upon the top of the piston, and 
when the steam had passed into the condenser, was raised by 
counterpoise weights placed at its further end ; by which it 
is manifest, that the action of an engine of this construction 
must be somewhat irregular, for whilst the piston is descend- 
ing the steam must act upon it to an amount capable of raising 
the counterpoise weights, and of likewise doing the work put 
upon it ; but when the piston is rising, the actual fall of the 
counterpoise weights is the only amount of power which the 
engine is supplying, and from which is to be deducted the 
friction and weight of the piston. Such engines, therefore, 
when a continuous and equable force is required, are not so 
advantageous as those where the rising and depressing of the 
piston are alike performed by the same means and the same 
'extent of force. This desirable end was accomplished, by 
Mr. Watt in the construction of the double-acting engine, 
wUch we shall next notice, in contradistinction to the one 
tihat last claimed our attention, and which is now seldom used 
for any other purpose than that of pumping water 
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The do^le-^eting engine is formed in such a.manner that 
whilst is pressh^ oh one sfate of the piston, the 

e]rlio4^ other side is always open t||||P condenser, 

SQ- thflt Si vacuum exists on the opposite side UPa'at on which 
tbe nressuie is exertedi* This effect is produced hy imveih^ 
nmdm of distributing various pipes, or valves, or com. llw 
simplest in its construction is the four-way cock. . 

. t ’ 

Fig. 17'6.. A is the cylinder; B the piston; C the pipe commUnicatix^ 
with the TOiler; / m a commui^tiatioii with the condepser; 1 K and I| ^ 
communicate to the top and bottom of the cylinder; G* and D are two di& 
fei^ passages through the plug 6f a cock^ (the plug of the cock is shaikld' 
for distinction,) capable of being turned by means of its handle m*. When 
the pock is as now represented, the steam fhun C passes through D along 
H and gf tp beneath the piston, whilst there will be a din^ct communicaticw 
with the condenser from above the piston through K i OF M. WIten the 
cock is turned in the position as represented in fig. It7, both these com- 
munications will be inverted by the different dispositions of their openings. 
The tmening e in the plug will then afford a communicafidn from the steam 
pipe C to 1, leading to the upper part of the cylinder; and the opening D 
will permit a communication from H, leading from the lower part of the 
cylinaer to M, the eduction pipe, leading to the condenser; thus perfecting 
bv its motion the different changes of communication, so that the steam is 
always made to act on the one side of the piston, whilst the vacuum is 
effected on the other. The effect on the piston in ascending or descending 
is equal, and the power is much more regular and convenient for application 
to rotative motion. 

In the single and the double en^ne the pressure of the 
atmosphere is not used ; but the direct force of the steam 
which, in the old engines, went to expel the atmosphere, and 
then by its own condensation to leave a vacuum^ is first re- 
sorted to,. and its condensation leaves a vacuum to assist the 
actioo of the next supply. Consequently the single-acting 
engine has not gained more power than the atmospheric 
engine in proportion to the steam used, otherwise than by 
what is saved through keeping the cylinder warm; and the 
double-acting engine is only a mode of using the steam in a 
more continuous and unbroken manner, taking just twice the 
quantity of steam, and exerting twice the power of the single- 
acting engine. 

Ot&er modes for attaining this change of communication, 
fib as to produce the double action, are adopted as circum- 
fitauofiiijmay demand. The one last described, called the 
foufiHMy eock, was found not to answer in large engines, in- 
as plugs of sufficient dimensions to afford steam- 
way enough caused so much friction in their collars, that it 
kras an expenditure of considerable power to turn them ; the 
method, therefore, most usually adopted in engines of large 
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Simensions tSj a ^stem of valves^ opened and shut at the 
proper periods by levers. ^ > r 

The internal amngeaent of eoch a aysteia is shoi^tn at ftg. 173, Nheis C 
is a pipe leading from the. boiler for the conveyanoe^oif steam; 'add D K a 
pipe kading toJL the condenser; op, m n, ate two bmces, each divided in- 
ternally into tnree compartments, in wliicm are the valves t, camble 
of opening upwards, mtti the centre compartinent in each m the Wes 
above and bmw there is a eommunication, at 9 and 3, with the top and 
bottom of the pyiinder. The steam is conveyed along pipe C into the 
upper chamber of the upper box, and by means of the pipe f passes through 
it and pnnseeds to the upper chamber of the lower bo^and the pipe K D 
affords a communication from each of the lower chambers to the con- 
denser L. 

If the valve h be opend, there win be a communication from the lower 
part ofthe cylinder tntongh the aperture h and pipe K into the condenser 
L; and if, at the same instant, the valve e be opened, the steam will be ad- 
mitted through C into the oentre tfoamber of the upp^ boj^ and tluough 
the aperture o into the upper pert of the cylinder ; consequently the steam 
will be admitted to the upper part ot the cylinder while the lower part has 
Communication with the condenser, and the piston be forced downwards. 
If these valves be closed, and the valves g f opened, the steam will have 
acc^s through C U the valve g^ and aperture A, .to the lower part of the 
cylinder, whilst there will be a communication from the top of tne cylinder 
through the aperture o, the valve /, and the pipe K D, to me condenser, so 
that the piston will then be forced upwards. 

This ^mode of effecting the changes of communication^ 
though by no means so simple as that of the iour-way 
cock^ "has ,;an advantage over it that gives it a decided 
preference. For as the movements of the valves are inde- 
pendent of each other, the shutting off of the steam, and of 
the communication with the condenser,, can, if desired, be 
effected at different periods, so that the . steam may be aIlowe4 
to act upon tbe pistpn only during one half of the strokq, 
which was discovered by Mr. Watt to effect a saving in 
steam. Besides this advantage, which can, if required, 
effected in other enlgines by simple contrivances, the valve 
geer is superior from its lightness, when compared to 
slides or cocks, adapted to^Iarge engines. ^ 

* In small engines, these advantages, not being of so much 
importance, are more than counterbalanced by me simplicity 
obtained by other mpdes. , . 

The first that we shall was invented by Mr. Murrhy, of Leeds, and * 
is r^resented in fig. 179, where a section of this apparatus, termed the 
slide valve, is shown. A is the steam pipe from me boiler ; BBBBa 
close chamber, in which the interior chamber, CC, is capable of sliding 
upwards and dowuuunb ^ means of a rod, DD, which p^es throughK^a 
steam-tight box at E. G G is a passage from the chamber B B B B to the 
upper part of tlm cylinder ; H H to the lower part of the cylinder ; and D I 
to>tlig condenser. vThen the chamber C C is placed as is represented, 
tt is plain, that the steam has access to the top of the cylinder, smd that a 
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communication exisU by H H and 1 1 to the condenser. 1^ moving C C 
upwairds, the comlnunicatioo would be reversed^ that is^ 00 mm the top of 
the cylinder would communicate by 1 1 to the condehser^ and If H aomit 
steam into the lower part of the cylinder. By the movementr of CO ud- 
. wards and downwardsj^ the alternating effect is produced. 

Mesare. Boulton and Watt introduced another yiry neat and 
iiBeful mode of distributing the steam in small eAgineSj, deno- 
minated D valves^ on account of the shape they present w^en 
seen in atop view. 

Fig. 180. A Band O D represent the .two D values capable of moving 
^wards and downwards by means pf the spindle £. Their Rices at A and 
C are made to fit steam-tight upon the inside of the box/ find the back part 
at B and D, as shown at D', is semicircular, to admit of its being packed with 
hemp in the same manner as the piston. G and H are fiommonicatiODs to 
the top and bottom of the cylinder ; I is the steam My in the boiler, Mich, 
in some engines, comes from the jacket of the cylinder; and K is the edud- 
tion pipe, which carries the steam to the condenser. ^ 

Now if the rod £ be moved upwards until the lower surface of A B is abot e 
the aperture H, the lower surface of C D will be above the aperture G,^ 
Gonseouently the steam from 1 will pass into tne cylinder at H, andthe steam 
from the cylinder will pass through G and N K into the condenser. A^n, 

• if the upper surface, A B, be below H, C D 'will be below G, and the steam 
will pass through the aperture O, down a pipe behind M K, through P, 
and, by means of G, will have access to the bottom of the cylinder, whilst a 
communication will be effected by M K and through H, from the top of the 
cylinder with the condenser. The rod £ passes through steam-tight joints, 
at top and bottom, into boxes. • 

Fig. 181 represents another manner of forming valves upon this principle, 
in which a flat surface is introduced at the back, and the packing is effected 
by having the faces, backs, and sides of the valves made of brass, and 
fitted to plates of the same material, which can be screwed against the 
valves as they wear. The slides or moving parts are shadowed. The po- 
sition in which they now are will admit the steam to pass from I through 
H, and the condensation to be effected by passing from G through N to K ; 
but if the slides be moved downwards until the aperture C is opposite G, 
the upper slide will be below H, and the steam will pass througn P ilito 
the cylinder by means of G, and exhaustion will take place from H through 
M to K. 

Fig. 182 is a combination of what aijs called con, centric vifives. Their 
distribution is exactly similar to those alr^y explained. The spindles CC 
of the lower valves, in both the top aOd fafottom boxes, pass trough the 
spindles of the upper valves, which are pip^* This lAode of cmistructing 
TOe valves was invented by Mr, Murray. They are capable of being moved 
in many ways; but the one most generally adopted is represented in the 
figure, where tho rods d e, attached to the cross-levers ilaX inove on the 
centres GGGO, set upon the valves. Thus the rod s, moving down- 
wards, will raise the solid or the lower spindle valve of the lower box, which 
opens to the condenser, an<f the hollow spindle the upper valve of the upper 
box, which adniits steam, to the top of the cylinder, while the rod d acts 
upon the other two, and changes the course of the steam and exhaustion, as 
b^re shown. 

Conceiving that we have sufficiently exphined the seveial 
nodes of goidiiig the immediate power of steeni, we in 



AND MACiflNlST. 177 

the next plei;e proceed to examine into the construction of 
the piston. 

A section of the piston most commonly used in condensing engines is ex- 
hibited in fig. 183. The lower face of the piston is fixed to the rod dd, and 
the upper fMe is capable of being raised up upon the rod d. Hemp 
moistened with tallow, called packing, is introouced round the interstice at 
C £, which, when the upper plate D O is screwed down by the screw at 
£ £, is forced outwards against the sides of ^e cylinder, so as to render it 
perfectly steam-tight. As it wears by the friction against the cylinder 
more must be forced out by tightening4he screws; and when entirely worn, 
the plate d d must be raised and the piston fresh packed. 

This construction of the piston answers perfectly for condensing engines ; 
but in high-pressure engines the hemp is destroyed so rapidly by the heat 
and fnction, that pistons formed entirely of metal hare been introduced with 
advantage. 

The top view of one kind of metallic piston is represented at fig. 184. 
A A A A is' a ring of brass divided into four equal disconnected portions, 
resting upon the plate B B, which is affixed to the piston-rod d d, as seen in 
fig. 185 ; the portions of the ring are forced outwards against the sides of 
the cylinder by springs of any convenient form pressing from the piston-rod 
D. in fig. 185, represents a side view or a similar ring, similarly 
divided. Its portions are placed upon the ring last described, so that the 
divisions fall upon the centres of the other four pieces, and are forced 
against the sides of the cylinder in like manner by springs, and the plate C C 
is placed over the whole. The upper and lower sides of the plate, and rings 
are all carefully ground, so as to fit steam-tight. This form of piston, 
though it has, in some cases, been used for a considerable time with advan- 
tage, is, upon the whole, defective, as the rings near the interstices between 
the segments, must open and allow the steam to gain access to the interior 
where the springs lie, and from thence, through similar interstices, to the 
other side of the piston. 

A metallic piston of a better construction is shown at fig. 186, consisting 
of six pieces of brass of the forms represented in the figure, by A BC D E F. 
ABC are circular, and are maoe to fit the inside of the cylinder, 
against which they are forced by the wedge pieces D£ F, which have 
springs behind them. When ABC wear so aelo divide at the angles, the 
wedge pieces protnide themselves against the cylinder, keeping the space 
always nlled. ^ese pistons have, in some. oases, been used for many years 
without requiring alteration: 

Having now duly considered the constructioh of the cylin- 
der^ or seat of motioiij and the means of distributing the 
operative power so as to produce a reverting rectilinear 
action^ we shall next proceed to exhibit the nfanner in which 
this action is transferred^ so as to maintain its continuance. 

The movement of % four-way cock may be accomplished by a plug-tree, 
which is a perpendicular rod attached to the beam olP the engine as rque- 
sented in ng. 187. OP are two studs or pins placed at such, a distance . 
from each other, that the upper one, O, shall fbree^the handle N to the 
situatipn of N^, just as the piston shall have reached \he lower part of the 
cylinder, and the pin P is so placed that it shall carry the handle to iu 
original situation at the time wtien the piston is again > to change its diree^ 

N 
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tioii. Qut ib« ulug'tree is now seldom naed ip enigipep t)idt have a rotative 
motion; and wnere there is no rotative motion, the engines are mostlv 
single action, and are applied only to the purpose of pumping> in wltich 
the power is only required to be eaerted whijist pistpn i& 

In engines for turning mill-work, where a rotatory motion 
exists, the action is given to the spindie val^eg, siUdixig 
valves, or whatever apparatus is used for (he same e^ect, by 
means of a rod working from the axis of the fly-wheel by an 
epcentric motion. 

In fig, 188, the small circle is supposed to be a section of the fty*wheel 
shaft, and B a circular piece on the shaft, round which the clips, or semi* 
circular pieces, CC, are fastened, so that B can tiini on them, therelare 
when the revolving of the shaft A carties B to the situation of the dotted 
circle it is plain that it will have forced the rod in an horizcmtal direc- 
tion the distance from the centre of A to B^, and when in the course of ks 
revolution it shall have brought B to the situation B*, it will have moved it 
a similar distance in a contrary direction, consequently the tot41 amount of 
the horizontal motion thus communicated to the rod D££ will be the amount 
of the distance ftom B' to B^. The horizontal is converted into a perpen- 
dicular motion by the crank raising and lowering the rod K, upon 
which the slide box or D valves is fixed. 

The method for moving the rods of concentric valves is represented in fig. 
182*. £ is the rod from the eccentric motion, which, by its backward and 
forward motion, moves the ends //of a T piece, fastened on the centre G, 
and causes them to move alternately upwards and downwards, opening 
apd shutting each pair of valves as before described. 

Fig. 190 represents a mode, applicable to lai^ endues, of moving either 
P valves or slides from an eccentric. A B is an iron plate, capable of 
vibrating upon its centre H ; F is a rod from the eccentric, moving the weight 
C upon a roller over the surface of A B. The latch pieces D move upon 
two pins, and are prevented falling forwards by the stops M N. The rod 
of the valves, shown at e, is attached by the lever P H to the shaft from the 
centre 11. The two stops, I and G, support A B in the two nositiotis shown, 
the one in the view, the other by the dotted lines. When the rod F moves, 
it carries C towards A by the eccentric motion, and C, acting on the same, 
raises the latch D, and permits the end A of A B to fell, whsljit the end 9, 
in rising, latches itself at D^, shown in the dotted representatloitvof A By 
this motion 11 P, on the same axis H, is moved downwards, caitying 
with it the rod £ attached to the slides,; and the nuxion of C, instantly 
changing towards F, acts upon the other latch D^, and places the slides iq 
their former position. 


£ As, the bem of all engiiws nhmtas upoq 9, 
coutaeUiMrfoinnB. portlqnat^ a of ji4 

rod of th? is required to move up apd 

desER in a iitipigbt Hue, it opppot ite the end o{ 

the beam. In ehigie engiii,e of the. old copstweticpi, ndbRip 
the action wae p pull at both ende of the beam, (at the one 
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part ot each of the curved ends of the be^» and to the pump 
and piston rods,, as represented in fig. I/O^ which answered 
the required purpose i but in double-acting engines, where 
the piston-vod forces upwards as well as ^Is, some other 
mode of converting the action is required* The most perfect 
yet introduced is the parallel motion, the principle of which 
may be comprehended by referring to fig. j91. 

Suppose A B to represent one end of a beam, vibrating on its centre at 
A, the other end B will perform the arc C and carry whatever is 
attached to it in the direction of that arc;^then suppose anouier rod,.G H, 
equal length to A B, vibrating on its centre G, the point in the connect- 
ing piece, L H, will, by the vibrations of A B and H G, move upwards and 
downwards in a perpendicular line. Fdi so much as the curve from the 
radios A B draws it towards A, so much will the curve of the radius H G 
draw it towards G, and the movements, correcting each other, will cause I 
to rise and fall in a perpendicular line. 

A more simple mode, which answers very well in 'small endues, is repre- 
sented in fig. 193. The sling piece attached to the end of the beam hs^ a 

E air of rollers, one on each side, which press on each side of the guiding 
ars D D D D, and carry the piston, attached at C, in a perpendicular 
line. 

All steam-engines are proportioned to go at a settled 
rate, and to make a certain number of strokes of the piston 
per minute, which, reckoning the number of feet the piston 
travels in its upward and downward motion in the cinder, 
has been by general agreement settled at 200 to 2SO feet 
per minute. 

To obtain this regularity of action, it is manifest that a 
regularity must be obtained in the amount of power that is to 
produce the movement ; or, in other words, a regular amount 
of elastie force must be exerted at each stroke of the piston. 
This is somewhat difficult to accomplish, and depends much 
upon keeping the fire, which genemtes the stemn, of a uni- 
form heat ; consequently the care of the fire should only be 
intrusted to one who is well skilled in his business. Tnere 
are, however, contrivances, called governors, which greatly 
assist in maintaining a regular action, and where very great 
nicety is not required, they produce it to a sufficient extent. 

The governor (which we nave already described under the 
article Qn thfi JEqualizaiion of Motion^* in Mill-geering) 
acts upon the principle of centrifugal force, and is applicaUe 
enJ^ to engines that have a rotative motion. 

The mode of applying the governor is by connecting it by 
nmuMi of levers to a throttle valve, shown in fig. 193. A B 
repiesento a sactieu.of the pipe that conveys the steam from 
the boiler, having a small circular fan of iron, capable of being 

n2 
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turned so as to be parallel with the line of the pipe^ or 
of lying across it in such a ‘ manaer as to stop the com- 
munication. 

The governor is placed at any convenient part of the engine, 
upon an upright spindle, and is driven either by a band or by 
bevil-wheels, from the fly-wheel shaft. When the fly-wheel 
increases or decreases in velocity it transmits the same to the 
governor, and causes the balls to % from, or approach nearer 
to, each other; and the lever afiued to the collar of the 
governor turns the handle C of the throttle valve, which 
regulates the supply of steam, and produces regular motion. 

In single-acting engines, which do not create rotative 
motion, this sort of governor cannnot be applied, nor is it de- 
cidedly adapted to the sort of regulation they want ; for as 
they act only one way, and the steam being entirely shut off at 
the end of every stroke, it is a regulation of the amount of 
power to be exerted at every interval which is soughi, rather 
than a continuous equable supply of steam. 

This sort is most wanted in engines that supply towns with 
water, as when the different districts are being supplied, the 
diversity of their magnitude and situation causes a consider- 
able variation in the burden thrown upon the engine. In 
engines used for this purpose there are two pieces of wood, 
called spring-beams, placed across each end of the beam, 
which, when the burden is lightened, and the engine makes 
too long a stroke, strike, as they descend, the upper floor of 
the engine-house and ring a bell, to warn the attendant that 
steam must be shut off earlier, or that the upper tapit of the 
plug-tree must be moved downwards. In engines of recent 
construction, the spring-beams are made to strike a lever, 
which either shuts off the steam entirely, or opens a cock that 
admits it into the cylinder ; in either case the movement of 
the engine ceases. 

The regulation of the plug-tree tapit is obtained bv intro- 
ducing a pipe from the water in the air-vessel to a small cylin- 
der, having a working piston. The water from the air-vessel 
forces against the under side of the piston and raises it and its 
rod, and by that motion the tapit of the plug-tree is raised or 
lowered as is required. This mode, from error in construc- 
tion, or otherwise, has mostly proved inefficient whrni the 
burden . of the engine is liable to great and rapid fluctua- 
tions. 

Such is the general construction of engines now in use: 
but there are many ingenious contrivances in boilers which 
require special notice. 
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Fig. 194 represents a boiler fitted up vrith all the appendages now 
^erally applied, and set in a furnace or & proper construction. Part of 
tne furnace is shown in a rectional view. B B the boifhr, the operation 
of which has been described. C, the steam-gauge, represented at large in' 
fig. 195; Its olagect is to ascertain the pressure acting in the boiler. It is 
formed of a bent iron tube, at one end A communicating with the boiler, 
and at the other end B open to the atmosphere^ The tube is filled up to 
C and D with mercury, and has a thin piece of stick, £, placed in the leg 

B, which floats perpendicularly in the mercury at D. To the leg B is 
appended a flat piece of brass, divided into inches, and numbered upwards, 
to form a scale. The stick is made of such length that the top of it shall be 
even with the first mark on the scale. 

If the steam in the boilec presses against the mercuiysat 

C, and raises the surface, D, one inch, (which will be indicated 
by tlie end of the stick rising to 1 upon the scale,) it proves 
that there is one half pound pressing per square inch against 
the internal surface of the boiler, tending to burst it; for if 
the section of the bore of the pipe was just one 'superficial 
inch th^ pressure would be supporting one cubic inch of 
mercury, which will be found to weigh near half a 
pound; therefore fur every two inches rise, one pound 
pressure may be reckoned, and as condensing engines 
s^doni work with more than three or four poun£ pressure 
upon the inch, the scale need not be longer than eight or 
nine inches. 

C* is a strong iron plate, covering a circular or oval hole of about 18 
indies diameter, to admit a man into the boiler with a vie^ to clean or 
examine it. 

D U the steam pipe, containing the throttle valve £, to which the rod 
from the governor is connected. F F are gauge cocks. 1 I is a feed pipe 
which passes into the boiler and reaches very near to the bottom. H H H 11 
the cistern, on the top of the feed pipe ; 1 1 is a float, formed of stone, and 
balaCnded So as to remain glways on the surface of the water in the boiler. 
By t^iSWog and, falling of the water the float acts upon the lever K 
by the wire P, which passes tluough a steam-tight joint at P, and as the 
water sinks, draws down the end K, which raises K*, and the valve M 
attached to it. By this contrivance when the boiler r^uires a fresh supply 
of water the valve M opens and supplies it from the cistern H HH H. 

The foed pipe II is madd to contain a column of water equal to the 
amount of pressure^ exert^ by the steam in the boiler, which we have 
riready. stated should not . exceed the supporting'of eight inches of mercury, 
i^one indi of mercury being equal in weight to about 13} inches of water, 
the pipe should be about nine feet high from the surfoce of the water when 
the Mler is supplied and the water in the feed pipe should stand about 
three feet when the pressure is six inches of mereuiy, or three pounds to the 
square inch of surfece. ^ 

,Th^ feed pipe contains likewise an iron bucket weight O, hung by a chain 
thiat passes overtWo pullies, PP ; to the other end of the chain is attached 
d sheet of ir6n dedled'a damper. When the steam in the boiler is urged to 
too great an extent, it forces the water in the feed pipe upwards, and raises 
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Oie iron bucket weight O, which lowers the dunper into the duq oC the 
diinmey, and checks the fime of the fire. 

S is a safetv \alye, loaded with a determinate weight, i|nd of su^ a 
dimension in the bore, as will relieve the boiler of its pressure should it 




engine tender having access to it, as some engine tenders have been kpowh 
to load the safety valves, to save thenu^lves the trouble of attending to ti|e 
fire with that diligence which is nectary, and by which they have .endan- 
gered theit own lives as well as the lives of others. 

A pipe proceeds from this case te the chimney, to cany whatever steam 
escape into the flue of the diimu^. 

There » very frequently another safety valv^ whi^ is open to the view 
of the engine tender, to indicate when the fire is too high. 

XT is a flue formed of dbeet iron, and passing lengthwise through the 
centre of the boiler so near to the bottom that it is mways covered with water. 

The flame and smoke from the fire at nn passes first under the boiler, 
and then immediately returns back through this flue, then dividing itseilf 
passes through flues which lead it on both sides the boiler to the ch»nn^. 

V is a cock fer the purpose of emptying the boiler when required to ^ 
cleaned or repaired. 

Such is the construction and general arrangement of the 
parts of Messrs. Boulton end Wattes engines both single and 
reciprocating. We shall now proceed in the examination of 
some other forms of engines which likewise condense their 
steam. "" 

Mr. Hornhlower, conceiving he could obtain greater power 
from the complicated force of steam acting in two cylinders, 
obtained a patent, in 17S1> for that object. His own account, 
taken from the specification, we here transcribe. 

First,” says Mr. H., use two vessels, in which the 
steam is to act, and which in other engines are called 
cylinders. Secondly, I employ the steam mter it has acted 
in the first vessel to operate a second time in the other, by 
permitting it to expand itself, which I do by connecting the 
vessels together, and forming proper chfoinels. and wertures, 
whereby the steam shall oceastoniuly go in Bnd out of the aaM 
vessels. Thirdly, X condense the steam, by causing it to 
pass in contact with metalline surfaces, while water is applied 
to the oppo^ sidsb Fourthly, to discharge the en^g^e of 
the water used to condense the steam, I suspend a coluina 
ctf witter in a tube or vessel construeted for that pm^ose,^ 
^ of the ba.rometer, the upper end having 

commuxwsiUon with the ipteam vessels, and lower end 
iieiagr^uiuifiened in a iresad of water* Fifthly, to discharge 
the air which enters the steam vessels with ute condensiiig 
water or otberwHre, I introduce it into a separate vessel, 
whs^c it is protruded hy the admission pf steain. Siixtbly, 
that the condensed vapour hot remain in the steam 
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vessel in which the steam is condensed^ 1 enllect it into 
another vessel, which has open communication wjith the steAta 
vessels and the water in the mine, reservoir, or liver. 

Lastly, in cases where the atmosphere is to be employed 
to act on the piston, I use a piston, so constructed as to 
admit steam round its periphery, and in contact with the 
sides of the steam vessel, thereby to^ prevent the external air 
from passing in between the puton and the sides of the 
steam vessel.^’ 

The following is a description of thb engitie by the inventor : " Let A and 
B, fig. 196, represent two cylinders, of which A is the largest; a piston 
moves in each, having their rods, C and D, moving through collars at £ 
and F. These cylinders may be supplied with steam from the boiler by 
means of a square pipe G, which has a flanch to connect it with the rest of 
the steam pi[M. Inis square part is represented as branching off to both 
cylinders : c and d are two cocks, which have handles and tumblers as 
usual, worked by the plug-beam W. On the fore side of the cylinders 
(that is, the side next the eye) is represented another communicating pipe, 
whose section is also square, or rectangular, having also two cocks, a, d. 
The pipe Y, immediately under the cock fi, establishes a communication 
between the upper and lower parts of the smsdl cylinder B, by opening the 
cock h. There is a similar pipe on the other side of the cylinder A, imme- 
diately under the cock d. 

When the cocks c and a are open, and the cocks h and d are shut, the 
steam from the boiler has free admission into the upper part of the small 
cylinder B; and the steam from the lower part of D has five admission 
into the upper part of the great cylinder A; but the tipper paft of each 
cylinder has no communication with its lower part. 

From the bottom of the great cylinder proceeds the ednetion pipe K, 
having a valve at its opening into the cylinder; it then bends downward, 
and is connected with the conical condenser L. The condenser is fixed on 
a hollow box M, on which stand the pumps N and O, for extracting the air 
and water, which last runs along the trough T, into a cistern U, from which 
it is raised by the pump V, for recruiting the boiler, being already nearly 
boiling hot. Immediately under the condenser there is a spigot valve at 
S, over which is a small jet pipe, reaching to the bend of the eduction pipe 
K. Ibe whole of the condensing apparatus is contained' in a cistern, R, 

> of cold water ; a small pipe, P, comeS from the side of the condenser, and 
terminates on the bottom of the ttough T, and is there covered with a valve, 
Q, which is kept tight by the water fiiat is* always running over it. 

Lastly , the pump-rods, H, cause the outer end of the beam to preponderate, 
so that the quiescent position of the beam is that represented in the figure, 
the pistons being at tne top of the cylinders. 

Suppose all the cocks open, aM steam coming in copiously firom the 
boiler, and no condensation going on in L, the steam must drive out all 
the air, and at last follovi^ it t£rou^ the valve Q. Now shut the cocks 5 
and 4 ^ and open the valve S of the condenser; the condensation will 
immediately commence, and draw off ihe steam from the lower part of the 
great cylinaer. There is now no pressure on the under side of the piston 
of the great rounder A, and it immediately descends. The communication, 
Y, between me lower part of the small cylinder, B, and the upper part of 
the great cylinder. A, being open^ the steam will go from the lower part of 
B into the space left by the descent of the piston of A. It must, therefore, 
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expand, and its elasticity must diminish, and will no longer balance the 
pressure of the steam coming from the boiler, and pressing above the piston 
of B. 

** This piston, therefore, if not withheld by the beam, would descend till it 
came in equilibho, from having steam of equal density above and below it. 
B^t it cannot descend so &st ; for the cylinder A is larger than B, and the 
ar^ of the beam, at which the great piston is suspended, is no longer than 
the arm which supports the piston of B; therefore, when the piston of B 
has descended as far as the beam will permit it, the steam between the two 
pistons occupies a larger space than it did wh^n both pistons were at the 
top of their cylinders, and its density diminishes as its bulk increases. The 
steam beneath the small piston is, therefore, not a balance for the steam on 
the upper side of the same, and the piston B will act to depress the beam 
with all the difference of these pr^sures. , 

.^^The slightest view of the subject muk show the reader, that as the pistons 
descend, the steam that is between them will grow continually rarer and less 
elastic, and that both pistons will draw the beam downwards. Suppose 
now, that each one had reached the bottom of its cylinder, shut the cock a, 
and the eduction valve at the bottom of A, add open the cocks b and d, 
Ihe communication being now established between the upper'atid lower 
part of each cylinder, their pistons will be pressed equally on the upper 
and lower surfaces; in this situation nothing, therefore, hinders Hie counter- 
weight from raising the pistons to the top. 

« Suppose them arrived at the top : the cylinder B is at this time filled 
with steam of the ordinary density, and the cylinder A with an equal 
absolute quantity of steam, but expanded into a larger space. Shut the 
cocks b and d, and open the cock a, and the eduction valve at the bottom of 
A, the condensation will again operate, and cause the^ pistons to descend ; 
and thus the operation may be reputed as long as steam is supplied; and 
once full of Hie cylinder B of ordinary steam, is expended curing each 
working stroke.” 

The cocks of this engine are composed of two flat circular 
plates, ground very true to each other, and one of them turns 
round on a pin through their centres: each is pierced with 
three sectorial apertures, exactly corresponding with each 
other, and occupying a little less than one half of their surfaces. 
By turning the movable plate so that the apertures coincide^ 
a large passage is opened for the steam ; and by turning it so^ 
that the solid part of the one covers the aperture of the 
other, the cock is shut. Such regulators are now very com- 
mon in the cast-iron stoves for waiming rooms. Mr. Horn- 
blower’s contrivance for making the* collars for the piston 
rods air-tight is thus : the collar is in fact two, placed at a 
small distance from each other^ and a small pipe, branching 
off from the steam pipe, communicates with the space between 
the collars. This steam, being a little stronger than the 
pressure of the atmosphere, effectually prevents the from, 
penetrating through the upper collar; and though a littlo 
steam should get through the lower collar, into the cylinder 
A« it can do no harm. The manner of making this stuffing- 
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box is as follows : on the top of the cylinder is a box to 
contain something soft, yet pretty close, to embrace the! 
piston-rod in its motion up and down; and this is usually a 
sort of plaited rope of white yam, nicely laid in, and rammed ' 
down gently, occupying about a third of its depth; upon that 
is placed a sort of tripod, having a flat ring of brass for its 
upper, and another for its lower part ; and these rings are in 
breadth equal to the "space between the piston-rod and the 
side of the box. This compound ring being put on over the 
end of the piston-rod, another quantity of this rope is to be 
put upon it, and gently rammed as before ; then there is a 
hollow space left between these two packings, and that space 
is to be supplied with strong steam fmm the boiler. Thus is 
the packing about the piston-rod kept in such a state as to 
prevent the air from entering the cylinder when at any time 
there may be a partial vacuum above the piston. 

Mr. Homblower’s description of this engine «vas followed 
by a mathematical investigation of the principles of its action, 
by the ingenious Professor Robison, which demonstrates that 
it is the same thing in effect as Mr. Watt’s expansion engine; 
but though this is true, there is a considerable difference in 
the steps by which the effect is attained, which gives an 
important advantage when it is reduced to practice. We 
shml give an investigation in a more popular form, using only 
common arithmetic. Mr. Hornblower assumed, that the 
power or pressure of steam is inversely as the spade into 
which the steam & expanded ; this is the case with air, and 
for the present we will grant it to be so with steam, and 
reason from the same data as the ingenious inventor mves us. 

To explain clearly what passes in the two cylinders, we 
must deviate from the precise form of the engine, and divest 
ourselves of one complication of ideas, by reducing both cylin- 
ders to the same stroke ; therefore, suppose the engine to be 
made like fig. 197, which represents the two cylinders placed 
one upon the other, the lower one being double the capacity of 
the upper one, and both pistons being attached to the same 
rod, which may be applied to the end of the beam, so that the 
descent of the pistons must draw up the load 'at ^e opposite 
end of the beam. 

Then, if we suppose the small piston to be ten inches in 
diameter, the great piston must be 14,14 inches; and to 
avoid all difficulties of the ratio of the e^^ansion, and the. 
press\ure of steam, we will suppose the.engine to be woAed 
by the pressure of atmospheric air instead of steam ; and for 
the convenience of round numbers in our calculation we will 
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consider flie pressure at only ten pounds per circular inch on 
the surface of the piston. 

. He area of the small piston will be 100 circular inches^ 
and being assumed to move without friction^ the pressure upon 
it will 10 X 100 =s 1000 pounds. The area of the ^at 
fdston is twice as much^ or 200 Circular inches^ and the 
pressure 2000 pounds. 

Suppose both pistons to be at the tibp of their respective 
cylinders ; let the atmospheric air be admitted to press freely 
upon the upper surface of the small piston $ hnd suppose the 

S pace between the two pistons filled with air of me same 
ensity, while there is a peifect vacuum made in the lower part 
of the great cylinder 3 bmeathits piston. 

Unc^r these circumstances, the two pistons will begin to 
descend with something less than 2000 pounds of pressure on 
the great piston, by the air contained in the space between the 
two pistons bearing on the 200 inches of surface with a weight 
of 10 pounds per inch ; and beneath this piston there is no- 
thing to counteract the pressure. At the same time, the small 
piston, having tur of equal density above and below it, is in 
equilibrio. 

This force would balance a load of 2000 pounds ; but sup- 
pose we diminish the load to 1900 pounds, then the pistons 
win immediately begin to descend ; but they will soon stop, 
because the air between the two pistons must expand itself, to 
fill the Increasing space occasioned by the equal descent of 
both pistons in the cylinders, one of whidi is twice the area 
of the other ; and as the air becomes rarer, its pressure on the 
great piston must diminish. Now as this same diminution 
occasions the small piston to have a power of descent, we 
will first consider the pistons separately, and then conjointly, 
in their power of descent, with which they draw down the 
beam. 
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Upon the action of this engine Pr. Rees, in his Cyclopasduiy 
presents us udth the* following remarks and Comparative 
statement between it and Mr. Watt’s prihciple.of ^mansion. 

Now let us consider how Mr. Watrs princi|ile^^ expan- 
sion would operate in the same circipnstance'; tBat i^ ui a 
cylinder of 14,14 inches diameter ; which is to be sdpjAied 
with air of 10 pounds pressure per circular inch, until it has 
completed one-half Of Ita descent, and leaving the remainder 
of the descent to be accomplished by the expansipa of the 
air idready contained in the upper haff of the cylindi^. 

At the beginning, the power of descent will be 

At one-fourth, the power will still be 

At one-half, the power will be 

At three-fourths of the descent, the power will be diminished to . 

Because the air must occupy one-fonrth of the lengdi of die 
cylinder, in addition to that half of the cylinder which it occupied 
Mfbre the expansion began; therefore the space is one and a naif 
times the former, or as 3 to 2, and the pressure will be two-thirds 
of 2000. 

At the bottom, the pressure will be 

Because the air is expanded to occupy twice the space it filled 
before. 

The sum totd is very nearly the same as the former, bttt 
both are greater than they should be, from the imperfect 
manner in which we have been obliged to make our calcvBa- 
tion, so as to express it in common arithmetic, without 
having recourse to fluxions, which is the only method of 
treating quantities that are constantly increasing or deereasilltg 
by any given law. , ^ . 

The source of the inaccuraOT is easily explained : Pt first 
we set with the pressure at 200U TOunds in Mr. Homblower's 
engine,, and did not take into the account that it demrOfufeb 
at all, until the piston has descended to one-fourth, b^, 
reasoned as though it diminished all at once at that place"; 
whereas it began to diminish from the very first starting. 
Here then we have taken a small quantity too much. In toe 
same manner, our process takes no notice of the dimioution 
which happens between one-fourth and one-h^If of tfip 
descent^ or between ' the other points at which we* iMB 
chosen to examine it ; the result is, as if the dimmutiOO fodk 
plac¥ suddenly at each of those points. The remedy for ^s 
would have been to have. taken the account at a grCatife' 
number of places, as it is by fluxions alone that we era takb 
ra infinite number, so as to obtain a true result. Now in tile 
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a^nd calqi^ipti of Mr.' Watt's ^panaioa-engino; tre haro 
tdken a nuipber of steps for die considwation of the 

eiqtaiud^, although th^re ate faur steps in the 

P^ea^ them an before the enanrioh begiiu. 

. ,'ri^ is the reason ot" the apparent d^rence ; for in reality 
tbaie^is. none in the sum total of the varying powers exerted 
thrown -Ae whole stroke, as will appear to any person who 

^ill ^e;the trouble tordld Frofessor Robison’s investiga’ 

tibn. I^.if we consider the difference of the.'manoer in 
#hich ’th'e whole power is expended during the strd!^, we 
ahaU see great reason to prefer Mr. Homblower’s. me&od, 
filin' the much greater udifermity of the action jitjbagios. at 
and ends at 1500, whilst Mr. Watt’s begbia> at 2000^ 
pad ends at . 1000; hence the necessity of those 'ingankK^ 
contrivances for equalizing the action in Mr. Watt’s patei^ flf 
1782. Mr. Hornldower’s is not uniform, but' ajqiroa^es 
uniformity more nearly, so that he could have carried die 
effect of the expansive principle much forther, in employing 
stronger steam, than we believe he ever proposed to w. . . 

We have been thus foil upon this wabject, because the 
dining more power by the expansion of air or steam acting 
tn 'double cylinders, has been a favourite idea with many, 
gpd there are ,no less than five different, patents for i^ but 
pbj^eral of these have been upon mistaken notions; neither 
bw. Watt’s nor Mr. Homblo|ver’s can have any advantage 
flora shutting off the air, or fiom a double cylinder, whmi air 
pt used to press the piston ; nor could they derive any advan- 
tage, fiom (he expansion of steam in their en^nes, if the 
pressure of it was inversely as the space it occupies. 

The advantage of the expansive principle arises wholly 
fipm^a peculiar property of steam, bp which, vriien snf^d 
jexi^d.heclf to fiU a greater space, d decreases io pressure 
OB.elastic ibree by a certiun law, whi<m is not fo%.]iHia down; 
tb^ is, the relatimi between its expanrivei^foree and thp 
smiee. which it occupies is, not clearly decided:, but. 
Woolf hM found that, by apples these properries.hi their 
fuljt^t extent to the double-cylinder enrae, make 

qabSt important improvements in the . effects, whudi can be 
id^l^ainbd from^any given quantity of foel, , .Steam; is. .f fluid 
jgO.itifi^ntfrom air, as to have no one property in conmurn 
.yrith it, except elastidty. This elastiimy ls wludly derived 
the ^nsiitity of heat which it contains, and its force 
and diminishes with the quantity of hc^ ; but by 
' 'iroat law it increases or dimisuheft we are uncertaiu, beqaum 
We have no measure of tiie actual quantity of heat which is 



THB OBMMJVnVM MBCHANIC 


190 

contained ki itjeani ei my given elaatic fwce. Ail we know 
wieh cerbdn^ !• wkel is stated in oor table qf ita|»ni8ion, 
viz. that water, bcbig converted into steam, andcogfiped in 
a close vessel, when heated nnUl the thermometer, i^idicates 
a eertain tempersitiire, witt have a. certain pressure or elastic 
force'. Bnt we must observe, that the thermometer 
inAeateo tmljr die bitcBsity of the heat, without affording a 
direel aMasaiw of its quantity. When steam is anffered to 
e«pa^ itaelf into any ^ven space, the quantity of saiefled 
wmr itiikh ‘Will be foi^ to be cuntunea in any given buik 
of steam, in H» eiq^apded state, must be undoubteSy propor- 
tibned t» the quantity of water contained in the same bulk 
of tittf-staam, before the expansion took place, in the inverse 
ratio ei the iq»ace which it ot^nally occupied, and that space 
whidi k i^s when expaoded} but we cannot say that this 
is the ease witii beat; and it is tiie quantky of neat ahme 
which detemdnes the dastic f<nce. 

We betievs-that, in joactiee, Mr. Uomblower was not able 
to obtain ear neater effect from Che appHcation of the, 
emantire aouen in two cylinders, than Mr. Watt did in one 
cylinder, b 1791 — 2, he eeected an en£^e in Cornwall 
at Tin-Croft mine, of which the large cylinder was 27 inches 
diameter, and worked with a stroke of eight feet long, and 
the small cyHnder 21 inches diameter, working with a six 
feet stroke. The enfy account we have been able to obtain 
of the performance of this engine, is from a pamphlet pub- 
litiied by Thomas Wilson, an agent of Messrs. Boultoh and 
Watt, professedly with a view to prevent the introdni^on of 
Mr. Honiblower’^s en^^s into that coun^, in which he 
udees it appear, tiiat it rused only 14,222,120 poqn^ of 
water one foothi^ with each bushel of coals. 

hi Mrv Hemblower’s ovm account of lus en|^,, in Oro- 
gmy^s -AAeAcMtw, he iafenns us, **Tbat an en^e was 
eteotod h» the viemity of Batis some yean, since, on this 
whicf}^, and nadev very'^diaadvantogeous circiimstancsB, 
like ei^BU had ita. cylinders 19 inches find 24 inches dl^ 
meter, wita lengths Mstmke in each suitablebthis piicasion: 
viz. ^*ilwt< md eight feet respectively. The condensmg 
arnuMM was very bai^ thesugk a fear of infeingemeot on 
Wta 'Wtaefe p a t e nt^ and the gyfeateat d^^ of vacuum 
eod|ffba>aMUBe<^ tma-no more than iv iQcbea of mercu^. 
The e^^waikm feus lifts of pumpa to ^ depths of 
Sbe% draft pounds, 14 strdws in&iiimiite,8ixfeet 
m eyilndsr afar feet leng^ and 19 inches diameter, wil^, a 
gteM dm# of ineetia and. ftiction ia tite rodsaod buf^Stai 
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■DIM of ftiar J^tor of wtadi wore npt nu)re dura 9| imcJiee 
4 iMmcite»«.i(p4;it}u« it didy omder all these disadvantageoas 
^aowwatenooib ^vHb 70 pomids of coal (light coal) per hoar/* 

lb redil^ to the ttandaid of one fiwt high, we nrast put Ae load 
4500 » 0 6et aOohe' * 27,000 pooiuU wfaicb the ei^paft mitcd 

one foot h4^ at evetjr stroke; 27,000 pW>^ u 14 strokes pss.Binute ^ 
afdloqo pqi^s nised oqa hit^ eadt nicutej 378,000 pounds x qq 
•=> pounds mised one root tush per hour, or wra 70 .pounds 

of coals- As tw coals are stated to be n]gfat, we will take &em at onlp 
it pbtsads per bndiet, instead of 88 pounds, as BIr. Sheeaton did,, and 
'Stl)^ as VO pounds : 22,680,800 pounds i : 84 pounds. : 27,2t6«08l89iaindai)f 
water ttfmi one foot high with a bnshd of coalS} vbiqh is 0,1017.9(11^ 
peribripance, but not greater than hir. Watt’s. 1 ■ fi 

in thia engine, Mr. Homblower aaya tW 
(dteametaneea presented dtemaelvea Id show the 
of this application of the piincaple : the one wee, timk wA 
nto»|ph 0 attended engine would aonietlines detach -tilM 
smaller cylinder from the beam, and worh onlp wdtitk la;^ 
eif^ and then the boiler would acarcaly raiae atom eatnigh 
to keep- the ei^ne goinn ; but no sooner was the. amiall 
^linderi,rod attatdied to tM beam, than the- engme reaumed 
Ha wonted sMUtsvity, and the ateam wnnld. plow up the 
safety-ndne. ^ . 

He nmtt cfreaqistmice- i% that when the .dPtenf, which 
kept Ae exhamstiag valre dmt, happened to mas: UaacticOt 
^e piston would be checked, as it were, not being pennitted 
ie nae'throttj^ the whole cd the letnaning ftiieiikfti, and it 
would, 88 by an intaitive nature, come dews a^ain. and 
sg^, witit- Ihe- detaiH performed itn offio^ wbicH ie b 
pradAeal .tagupaeat foe the power of foe engine at the teg* 
ndnation of Ha strohe. 

Seierat .engines harp been conatnieled upen the, 
plesnf«chidtmgiahirtti«9ea;paBfW)n>iofrtbe.sbenjn. la b aesoad 

S Under. 'The (u>e, hewmrer, whieh.has beenmoA-pSeotubUir 
ed by. eoB^aeiami, la thiH wkidi goea 1^.^- mtmifH 
Wmdf ’w-cnglnc. An aaoeont of which, we tnnileidiei. 
tfeitrwHb other naiHFOreiiaeinila hs the atiner partis vdiMh 
frmn their- kweauibr art wOii^ywf Dotiaau ^ ' 

1894, I^.AftMT Woolf Wa;patfBb£iird)BfinBCBsra^ 
in steam-engines. The spertAintiipi- ofhil .hMrentieak rtatbib 
that he has asoertai^d by actud expeiunimt, and reduced to 
l^ractice, the follow!^ particulars reacting the expansflbifity 
of steam. That, in practice, it is found wat steam, acting 
with the expansire force of four pounds pressure per square 
indl against a safety-ralve exposed to the atmosphere, is 
capable cS expanding itself to four times the volume it uien 
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occupies, and still to be equal to the pressure qf the atoso- 
sphere : that, in like manner, steam of the force oif fitepoun^ 
the square inch, can expand itself to five timee its TolittM f 
and that masses or Quantities of steam of the like 
force of six, seven, eight, nine, or t^ pounds pressmp«piB$r 
square inch, can expand to six, seven, eight, nine, or ten 
times* their volume, and still be respectively equal to the 
atmosphere, or capable of producing a sufEieient action 
against the piston of a steam-engine, to cause the same to 
rise in the atmospheric engine of Newcomen with a cQqnter* 
poise^ or to be carried into the vacuous part of the cylinder 
of the improved engine, first brought into effect by Mr. Watt : 
that this ratio is progressive, and nearly, if not entirely, uni- 
form^; so that steam pressing with the expansive force of 20^ 
30, 40, or 50 pounds the square inch against a comtnOli 
safety-valve, will expand itself to 20, 30, w, or 50 tirngs its 
volume ; and that, generally, as to all the intermediate or 
higher degrees of elastic mrce^ the number of times which 
steam of any temperature and force can expand itself, i# nearly 
the same as the number of pounds it is able to sustain on a 
square inch e^osed to the common atmospheric counter- 
pressure ; provided always, that the space, place, or vessel, in 
which it is allowed to expand itself, be kept at the same tem- 
perature as that of the steam, before it is allowed room to 
expand. 

Respecting the different degrees of temperature required 
to bring steam to, and maintain it at, different expansive 
forces above the weight of the atmosphere, Mr. Woolf states, 
that he has found by actual experiment, setting out from the 
boiling point of water, or 212^ of Fahrenheit, at which degree 
steam of water is only equal to the pressure of the atmo- 
sphere } that, in order to give an increased elastic ^(wce equal 
to five pounds on each square inch, the temperature must be 
raised to about 227iS when it will have acquired a power to 
expand itself to five times its volume, and still be equal to the 
atmosphere, and capable of being applied as such in the work- 
ing m steam-engines according to his invention. Vmous 
other pressures, temperatures, and expansive forces of 
are sfaosm in the following table. 
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Woolf Tohlemf the relative pressures per square inch ; 
the tempereOure and expansibility of steam at different 
degrees ^ keed^ above the boiling point of water^ begin^ 
ning t6ith>^ the temperature of steam of an elastic force 
equal ^fibe poun^ per square inch, and extending to 
Hearn able to sustain forty pounds on the square inch^ 


Pound* per 
Square Inch. 


Steam of an 
elastic force 
prodoniioat- 
ing over the 
pressure of 
the atmo- 
sphere upon 
a safety-valve 


5 

6 

7 

8 

9 

10 

15 


Dttreeft of 
Heat. 

' 227 ^ 

230f 


235i 

requires to be 237^ 
maintained byj 239^ 
‘a temperature'^ 250| 
equal to about 259| 
267 
273 
278 


and at these 
respective de- 
grees of heat, J 
'steam can ex- 
pand itself to 
about 


times its vo- 
lume,aod con- 
tinue equal in 
^elasticity to 
the premiire 
of the atnm- 
sphere. 


And so in likd manner^ by small additions of temperature, 
an expansive power may be given to steam to enable it to 
expand to 50, 60, 70, 80, 90, 100, 200, 300, or more times 
its volume, without any limitation but what is imposed by the 
frangible nature of every material of which boilers and other 

S arts of steam-engines can be made. Prudence dictates that 
le expansive force should never be carried to the utmost 
which the materials can bear, but rfither be kept considerably 
within that limit. 

Having Uius explained the nature of his discovery, Mr. 
Woolf proceeds to give a description of his improvements 
grounded thereon. 

If the engine is constructed originally with the intention of 
adopting these improvements, it ought to have two steam 
cylinders of different dimensions, and proportioned to each 
other,' according to the temperature or the expansive force 
determined to be communicate to Uie steam ihade use of in 
working the engine ; for the smaller steam-vessel or cylinder 
must'be a guide for the larger. For example; if steam of 
for^ pounds the square inch is fixed on, then the smaller 
cylmder should be at least one-fortieth part the contents of 
the larger one. JEach cylinder i^ould be liiniished wi^ a 
piston, and the smaller cylinder should have a communicfu- 
tioD, both at its top andHmttom, (top and bottom being here 
employed merely as relative terms, for the cylinders may be 
worked in a horizontal, ofany other required position, as well as 
vertical,} with the boiler which supplies the steam; and the 
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eomfiiunicattons, by means of cocks or valveMif any constuK^^ 
tion adf^tedto the use, are to be alternately oj^ncd and shut 
during the working of the engine. The top d the small cylin- 
der should have a communication with the bottom of the larger 
cylinder, and the bottom of the smaller one wkh tiie top of 
the larger, with proper means to open and shut them alter- 
nately by cocks, valves, or any other well-known contrivance. 
And both the top and bottom of the larger cylinder should, 
while the engine is at work, communicate alternately with a 
condensing vessel, into which a jet of water is admitted to 
hasten the condensation ; dr the condensing vessel may be 
cooled by any other means calculated to produce that effect. 

This Arrangement being made, when the engine is set to 
work, steam of a high temperature is admitted from the 
boiler to act by its elastic force on one side of the smaller 
piston, while the steam which bad last moved it has a com- 
munication with the larger steam-^vessel or cylinder, where it 
follows the larger piston, now moving towards that end of itb 
cylinder which is open to thre condensing vessel. Let both 
pistons end their stroke at one time \ and let us now suppose 
them both at the top of their respective cylinders^ ready to 
descend ; then the steam of forty pounds the square inch, 
entering above the smaller piston, will carry it downwards; 
while the steam below it, instead of being flowed to escape 
into the atmosphere, or applied to any otiier purpose, will 
pass into the larger cylinder above its piston, which will 
make its downward stroke at the same time that the piston 
of the smaller cylinder is doing the same things and while 
this goes on, the Steam which last filled the larger cylinder in 
the upward stroke of the engine will be passing' into the con- 
denser, to be Condensed during the downward stroke. When 
the pistons iti fise Smaller and larger cylinder hove thus been 
made to descend to the bottom of their respective cylinders, 
then the steam from the boiler is to be shut c^frrom the top, 
and admitted to the bottom of the smaller cyhuder. The 
cominunieation between the bottom of the smBfier and the top 
eff the larger cylinder is also to be cut off; and tixe comnnmi- 
cafiOn is to be opened between the top of l&e smaller and the 
bottom Of the larger cylinder. The communication bi^een 
the bottom df the larger cyliikler^aitd the condenser is to be ' 
cut off^ and the steam' whteh, in the downward stroke of the 
the Upper part of the larger cylinder, suffered 
to low%1f to the condenser. The engine will then make its 
Uj^r#^ Stroke from the pressure of tite Steam in the top of the 
■ttbln Cylinder acting bsnesich the piston of the great oylinder, 
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and 00 dn alternately^ admitting the ateaiii to the different 
sides of the'ittMlei' {dston^ while the steam last admitted into 
the smaller c^inder passes alternately to the different sides 
of the larg^ piston in the larger cylinders t the top and bot« 
tom of wmich are at the same time made to communicate 
alternately with the crnidenser. 

In an engine working in the nianner just described, while 
the steam is admitted on one side of the piston into the 
smaller cylinder, the steam on the other side has room made 
for its admission into the larger cylinder, on one side of iU 
piston^ by the condensation taking place on the other side of 
the large piston which is open to the condenser; and that 
waste of steam which takes place in engines worked only by 
the expansive force of steam, from steam»passing the piston, 
is prevented ; for all steam that passes the piston in die 
smmler cylinder is received into the larger. 

In such an engine, where it may be more convenient for any 
paiticular purpose, the an*angement may be altered, aiic 
the top of the smaller made to communicate with tliC top of 
the larger cylinder; in which case the only difference will be, 
that wl^n the piston in the smaller cylinder descends, that 
in the larger will ascend, and vice versd; which, on some 
occasions, may be more convenient than to have the two 
pistons moving in the same direction. 

This engine is exactly the same in its action as Mr. Horn- 
blower’s, which we have before described. The novelty con- 
sists in the application of steam of a high pressure thereto, and 
in proportioning the capacities of the two cylinders to the 
expansibility of the steam, according to his table. But Mr. 
Yf, goeA on to state, that effectual means must be used to* 
keep ap the requisite temperature in all parts of the ap- 
paratus into which the steam is admitted, and in which it is not 
intended to be condensed ; and here it may be proper to state, 
that instead of the usual means of accomplishing this, by en- 
closing them in the boiler, or in a stemn-case communicating 
With the boiler, a separate fire may with advantage be made 
under 4 ;he steam-case containing tiie cylinders, which in that 
event will become a second Imiler, and must be furnished 
With a safety-valve, to regulate the temperature. By means 
of the last-mentianed arrangement, the stesm from thes mailer 
cyKnder, or steam measurer, may be admitted into the larger 
cylinder, when kept at a higher tempeiatuim.tban the sterna 
in Ibe smaller cylinder, by which its power to expand itself 
may be increased ; and^ on the contrary, by keeping the 
lar^r cylinder at a lower tem^rature than the smaller, its 
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expansibility will be lessened, which, on particular occasions, 
and for particular purposes, may be desirable, in erery case 
care must be taken diat the boiler, or case in which the cylin- 
der is enclosed, the steam-pipes, and generally all the parts 
exposed to the action of the expansive force of the steam, shall 
have a strength proportioned to the high pressure to which 
th^ are to be exposed. 

It is not advisable that the proportion of the capacity of 
the smaller cylinder, or steam-measurer, to the capacity of the 
larger or working cylinderj should in any case be smaller than 
the proportion of the expansion of the steam which is to be 
used in it, as we have stated, yet, in the making of it larger, 
considerable latitude may be allowed; for example, with 
steam of forty pounds the square inch, a small cylinder, or 
measurer, of one-twentieth, or even larger, instead of one of 
fortieth the capacity of the larger or working cylinder, and so 
with steam of any given strength. And in many cases, it may 
be advisable that this should be the case, because of the 
difficulty of preventing some waste of steam, or partial 
condensation, which might lessen the rate of working, 
if not allowed for in the size of the small cylinder or steam- 
measurer. 

In all cases when the engine is ready for working, whatever 
may be the proportion that hds been adopted, or intended to 
be Worked with, it should have its power tried by altering the 
load ou the valve that ascertains the force of the steam, in 
order that the strength of steam best adapted for the engine 
may be ascertained, for it may turn out to be advantageous, 
that the steam should be employed in particular engines of 
an elastic force somewhat over or under what was first 
intended* 

Mr. Woolf also states, that Mr. Watt’s engines may be 
improved by the application of his discovery in making the 
boiler, and the steam-case in which the working cylinder is 
enclosed, much stronger than usual, and by altering the 
structure and dimensions of the valves for admitting steam 
from the boiler into the cylinder in such a manner ^t the 
steam may be^ admitted very gradually by a progressive 
enlargement of the aperture, so as at first to wiredraw the 
steam and afterwards to admit it more fredy. The reason Oa 
this precaution is this, that steam of such elastic force as 
Mr Woolf proposes to employ, if admitted suddenly into the 
cylinder, would strike the piston with a force as would en- 
danger the safety and durability of the engine. The aperture 
allowed, for admitting steam into the cylinder, or cylindeis, 
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should be Mlgnilated by the following consideration. If. the 
iiitenlioit^ i* that the engine should work wholly, or almost 
wholly^ by condensation, the. steam, in passing into the cylin- 
der, should be forced to wire^w itself only so much that the 
piston may perform the whole, or a grc^t part of the stroke, 
by the time that the intended quantity of steam has been ad- 
mitted into the cylinder. For example, when steam of forty 
poutids on the arfuare inch is used, such a quantity of it must 
be allowed to enter as shall be equal to one-fortieth of the 
capacity of the cylinder, ^d so in proportion when steam of 
any other‘force is employed ; and when the requisite quantity 
has been admitted, the steam is to be shut off till the proper 
moment for admitting a fresh quantity. But if it is intended 
that advantage shall also be ^en of the elastic force of the 
steam acting on one side of the piston, while condensation 
goes on on the other side, then the steam must be admitted 
more fraely, but still with caution at first, for the reason 
already mentioned. 

This latter is the same thing as Mr. Watt's expansion 
engine ; but with the addition of gradually diminishing the 
aperture of the steam-valve as the piston descends, instead of 
stopping it altogether at a certain portion of the descent, by 
whi<m means the action of the engine is rendered more uni- 
foitn. We think that, by regulating the descent of the valve 
by an accurate movement, a very good effect may be pro- 
duced in this manner, without the complication of two cylin- 
ders or other parts ; the only objection is, that if at any time 
the valve should be fully opened by accident, the pressure 
might suddenly become so great^ from the strong steUln act- 
ing upon the full surface ofSie piston, as to break the engine 
to pieces. 

In 1805, Mr. Woolf took out a second patent for further 
improvements, in which he proposes, as before, to apply fire to 
the cylinder itself, to heat the steam after it is thrown into 
the working cylinder } and this was to be done by a fire 
being placed beneath the case containing the cylinder : the 
space between the case and the cylinder was to be filled with 
oil, wax, fusible meUd) or mercury. He sdso proposes a 
method of preventing the passage of any,m the steam from 
that side of the piston whiw is acted upon by the steam, to 
the other side, which is open to the condenser. In those 
steam-engines which act as double engines, he eiiects this by 
employing, upon or about the piston, a column of mercury 
or fluid metal, in an altitude equal to the pressure of the 
steam The efficacy of this arrangement will, he says. 
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appear obvloua, from attending to what takes place iu the 
working such a piston. When the piston is ascending, 
that is, when the steam is admitted below it, the space on 
its upper side being open to the cfondenscr, the steam, endea- 
voumg to pass up by the side of the piston, is met, and 
effectually prevented by the column of metal,, equal or su- 
perior to it in pressure, and during the down stroke, no 
steam can possibly pass without first forcing all the metal 
through. ' 

111 working what is called a sinde engine, a less consider- 
able altitude of metal is reqmred,%cauae the steam always 
acts on the upper side of the piston ; and in this case, oil, or 
wax, or fat of animals, or similar substances, in sufficient 
quantities, will answer the purpose. But care must be taken, 
either in the double or single engine, when working with this 

S iston, that the outlet which conveys the steam to the con- 
enser shall be so situated, and of such a size, that the steam 
may pass freely, without forcing before it, or carrying with it, 
any of the metsd or other substance employed that may have 
passed by the piston ; and at the Same time providing another 
exit for the metal, or other substance collected at the bottom 
of the cylinder, to convey the same into a reservoir kept at a 
proper heat, whence it is to be returned to the upper side of 
the piston by a small pump, worked by the engine, or by 
some other contrivance, in order that the fluid metal used 
with the piston may not be oxydated, some oil or other fluid 
substance is always to be kept on its surface, to prevent its 
coming in contact with the steam ; and to prevent the neces- 
sity of > 3 mploying a large quantity of fluid metal, although 
the piston must be as thick as the depth of the column re- 
quired, the diameter need be only a little less than the steam- 
vessel or working cylinder, excepting where the packing, or 
other fitting, is necessary to be applied ; so that, in fact, 
^e column of fluid metal forms only a thin body round the 
piston. 

We have seen an eiigme of an eight-horse power of this 
kind at work, with a fluid metal on the pistons : it effectually 

S revented the leakage. But as it required to have the cylin- 
ers twice as lon^aa usual, in OTder to have sufficient room 
fpr the long or thick pistons which it required, and as these 
pistons must be of considerable weight, the. method is not at 
all applicable in practice ; and, inde^, the increase of the bulk 
of the moving parts is such as to counterbalance the advan- 
thge, which is confined to the saving of steam by leakage : 
for the friction must be greater than in another engine. 
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because the pifltoii must be packed astight as UBual,to be able 
to Bi;staiii:a columo of fluid metal^ which must be more tjum 
equal in pressure to that of the steam; and when the steam 
presses upmi the piston^ the pressure of the fluid metal to leak 
by the piston must be double that of the stqam : also the 
fnctiou of so great a surface of fluid metal pressing against 
^e inside of the cylinder is very great. 

In ISIO^ Mr. Woolf had a third patent, the object of which 
is to i^event the waste of steam fconi leakage, by the piston. 
For this purpose, be does not allow the steam to come to the 
piston at all, but causes it to act in a different vessel, and 
transmits the action thereof to the piston by oil or fluid metal : 
thuS) at the side of the cylinder, he places a separate vessel, 
communicating with the lower part of the cylinder by a 
large pqse or passage from the bottom of each ; then 
steam, being admitted into this vessel, will press upon 
the surface of the oil or fluid metal contained in it, and 
force the same to pass out of that vessel into the cylinder, 
where it will act beneath the piston to press the same up- 
ivards, a vacuum being at the same time made in the upper 
part of the cylinder to give effect to the pressure. 

The steam is then made to press upon the upper surface 
of the piston, which is always covered with a quantity of the 
fluid ; and at the same time a vacuum is made in the separate 
vessel, so as to relieve the surface thereof from all pressure ; 
in consequence the piston is made to descend. It is evident 
that the piston must be packed so tight as to suffer none of the 
fluid to pass by it ; but this is easy, in comparison with the 
difficulty of making a packing sufficiently tight to resist the 
passage of steam, particularlv when it is so rare as the ex- 
panded steam which Mr. V^oolf sometime^ uses in his 
engine. The separate vessel of which we have spoken, is in 
some cases to be the jacket or space which surrounds the 
cylinder, which is then to be open at bottom. 

This contrivance"* is ingenious, but we think the necessity 
of an additional cylinder is an objection which will prevent 
its adoption in large engines; and for small engines the 
advantages are not so great. 

Since his first patent, Mr. Woolf has erected several small 
engines, which' performed ifell, and with an evident economy 
of fuel. But these engines being employed to tmn mills, of 
which the operations do not afford so exact an estimate of the 
power as the operation of pumping water, Mr. Woolfs 
engines did not come to a direct and indisputable comparison 
with those on Mr. Wait’s principle, until 1B15, when two 
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large engirxes were set tu work in Cornwall^ at Wheal Vor 
and Wheal Abraham mines^ for pum|^mg water ; and these 
hav0 since been regularly reported in Messrs. T. add J. 
Lean’s reports^ and of which one of the objects was to ascer- 
tain the comparative merit of the double and single cylinder 
engines. 

Hie report for May, 1815, states the average performance of these two 
engines at 49,980,88*2 lbs. lifted one foot high for each bushel ofcoalls ; and 
since that time they have done more than 50,000,000 lbs. 

The engine at Wheal Vor has e great cylinder of 53 inches dtsmeter, and 
nine-feet stroke ; and the small cylinder is about one-fifth of the contents 
of the great one. The engine works six pulnps, which, at evwy stroke, raise 
a load of water of 37,982 lbs. weight 7^ feet high, which is the length of the 
stroke in the pumps. This makes a pressure of 14,1 lbs. per square inch on 
the surface ot the great piston, and it makes 7,6 strokes per minute. With 
respect to its consumption of coals, it raised, in March, 1816, 48,432,702lbs. 
one foot high witli eabh bushel; April, 1816, 44,000,000 lbs. ; May, 1816, 
49,500,000 lbs. ; and in June, 1816, 43,000,000 lbs. 

From the same reports we learn, that the enginoat Wheal Abraham' mine 
has a great cylinder of 45 inches diameter, working with a seven-feet stroke, 
ftt the rate of 8,4 strokes per minute under a load of 24,050 lbs., which it 
raises seven feet at each stroke. Its performance during the above four 
months was 50,000,000 lbs. ; 50,908,000 lbs. ; in May, 56,917,312 lbs., 
which, we believe, is the matest performance ever made by a steam-engine ; 
and in June, 51,500,000 lbs. 

We must observe^ that the variation in tJie performance 
of different steam-engines, which are constructed upon the 
same principle, and working under the same advantages, is 
the same as would be found m the produce pf the labour of 
so mauy different horses, or other animals, when coimared 
with their consumptive foodj for the effects of different 
steam-engines will vary as mucli from small differences 
in the proportions of their parts, as the strength of animals 
from the vigotfr of their constitution ; and, again, there will 
be as great differences in the* performance of the same 
engine, when in bad or good order, from all the parts 
being tight and well oiled, so as to move with little frictmn, 
as there is in the labour of an animal, from his being in good 
or bad health, or excessively fatigued ; but in all cases, there 
will be a maximum which cannot be exceeded, and an average 
which we ought always expect to attain. 

Fig. 198 is a sketch to show the arrangement of the valves and cylinders 
of these two engines ; A is the large cy^||der, and B the 4ittle cylinder, each 
enclosed in its steam-case. The steaiz^^is admitted from the boiler into the 
steam-case of the large cylinder A, by a communication at C ; and there is 
a communication between this steam-case and that of the small cylinder; 
so that all the steam for the supply of the engine passes through both of tlie 
steam-cases, which therefore become part of the communication between the 
boiler and the little cylinder, into wnich the steam is first admitted. D 
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.furnishes a conmunication for carrying back to the boiler any water which 
may be produced by condensation in the steam-case, before the engine is 
heated to the proper temperature. £ is the pipe from the steam-case to 
supply the engine; it has a- regulating valve. F is the valve-box of the 
small cylinder, the spindle of the one valve working through that of the 
other; and the passage for the steam from the case into the small cylinder is 
situate4 between the two valves. G is the valve that opens the communi- 
catioii t>etween the bottom of the small cylinder B and the top of the large 
cylinder A, when the piston thereof is to be pressed down. li is the valve 
that returns the steam from above to below the large piston, when the piston 
is to ascend. And I is the exliaustion-valve, to carry off tlie steam to the 
condenser. 

When the engine makes its down-stroke, the upper valve atT is opened, 
and admits the steam from the case to press upon the small piston, the valve 
G being opened at the same time, which suffers the steam to pass from the 
under side of the small to the upper side of the large piston ; and the valve I 
is opened, to make a passage from beneath the great piston to the condenser. 
These three upper valves, F, G, I, open at the same instant of time. 

When both pistons arrive at the bottom of their respective cylinders, these 
three valves are shut altogether, and the lower steam-valve at F is opened, 
to return the steam from above to below the small piston, the valve H doing 
the same to the large cylinder, and both pistons return in cquilibrio by the 
counter-weight ; but the upper valve at F can be shut off at any part of the 
stroke, according to the load of the engine. 

Those who are conversant with steam-engines will per- 
ceive^ from the passing of the steam^ as above described^ mm 
the upper to the lower side of each of the pistons respectively^ 
that the engines at Wlieal Vor^ and at Wheal Abraham^ are 
at present working with a single stroke. Were these engines 
forking double, the steam would, on the down-stroke, be 
made to pass, the same as before described, from the under 
side of the small to the upper side of the large piston, steam 
from the boiler in the mean time coming in upon the small 
piston, and the under side of the large piston being open to 
the condenser; but on the up^stroke, the action woidd be 
different from what we have described, for the steam would 
pass from the top of the small cylinder to beneath the large 
piston, while steam would be admitted from the boiler under 
the small piston, the top of the large cylinder being open to 
the condenser. 

'jThe boilers which Mr, Woolf employs in his engines are 
different from those of other engines which work with steam 
of a low pressure, the water being contained in small cylin- 
drical tubes of cast-iron, which are filled with water, and 
exposed to the flame nearly in^an horizontal position. 

Mr. Woolf has a patent for this boiler, which the specifica- 
tion states to consist of two or more cylindrical vessels, 
properly connected together, and so disposed, as to constitute 
a strong and fit receptacle for the water intended to be con- 
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verted into steam of a temperature and under a pressure 
uncommonly high^ and also to present an eictensive portion 
of convex surface to the current of flame and heated air from 
a fire; likewise of other large cylindrical receptacles placed 
above the former cylinders^ and properly connectea with 
them^ for the purpose of containing some water and tite 
steam. 

These cylindrical vessels are set in a furnace so adapted to 
Uiem^ as to cause the greater part of the sur&ce of each of 
them^ or as much of the suiface as may be convenient^ to 
receive the direct action of the fire^ or heated air or flame. 


Figs. 199 and 200 represent one of these boilers in its most simple form. 
It consists of eight tubes marked a, made of cast-iron^ or any otiicr fit 
metal, which are each connected with the larger cylinder A, placed above 
them, as is shown in the side view, iig. 200, in which the same letters refer 
to the same parts as in fig. 199. In fig. 200 is also shown the miinner in 
which the fire is made to act. The fiiel rests on the grate-bars at ‘B, and 
tile flame and heated air, being reverberated from the part above the two 
first smaller cylinders, go under the third, over the fourth, under the fifth, 
over the sixth, under the seventh, and partly over and partly under the 
eighth small cylindric tube, all which tubes are full of water. The direc- 
tim of the flame, until it reaches the last-mentioned tube, is shown py the 
dotted curved lines and arrows. When it has reached that end of tlie 
furnace, it is carried by the flue, O, to the other side of a wall, built 
beneath the main cylinder A, in the direction of its length, and the flame 
then returns under the opposite end of the seventh smaller cylinder over 
the sixth, under the fifth, over the fourth, under the third, over the second, 
and partly over and partly under the first, when it passes into the chimiiey. 
The wall before-mentioned, which divides the furnace longitudinally, 
answers the double purpose of lengthening the course which the flame and 
heated air have to traverse, giving ofiT heat to the boiler in the passage, and 
also of securing the flanges, or other joinings, employed to unite the 
smaller tubes to the main cylinder, from being injured by the fire. The 
ends of the small cylindric tubes rest on the brickwork which forms the 
sides of the furnace, and one end of each of them is furnished with a cover. 


secured in its place by screws and a fiauch, but which can be taken 
off at pleasure, to allow the tubes to be cleared, from time to tinie^.from 
any incrustation or sediment wnich may be deposited in them. 

To any convenient part of the main cylinder A, a tube is affixed^ to 
convey the steam to the steam-engine. In working with such boilers, the 
water carried off by evaporation is replaced by water forced in by the 
usual means for a high pressure boiler, that is, a forcing-pump ; and the 
Steam generated is carried to the place intended by means of pipes con- 
nected with the upper part of the cylinder A. In the specification, means 
•ee pomted out for applying this plan to the boilers of steam-engines 


already in use, by ranging a row of cylinders beneath the present boiler, and 
connecting them with each other, and with the boiler. Directions are also 
given for constructing boilers composed of cylinders disposed vertically. 
In ereiY case the tubes composing the boiler should be so combined and 
nmngttd, and the furnace so constructed, as to make the fire and flame act 
afound and over the tubes, so as to embrace the largest possible quantity 
of their surface. It must be obvious to any one, that the tubes may be 
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iMde of any kind of metal ; but cast-iron is the most convenient. The size 
of the tubes may be varied ; but in every case, care should be taken not lo 
make the diameter, too great; for it must be remembered, that the larger 
the diameter of any single tube is in such a boUer, tlie stronger it mustl^ 
made in proportion, to enable it to bear the same expansive force of steam 
as the smaller cylinders. It is not essential, however, to the invention, 
diat the tubes should be of different sizes ; but the upper cylinders, espe- 
cially the one which is called the steam cylinder, Bhouid be larger than the 
lower ones, it being the reservoir, as it were, into which the lower ones 
send the steam, to be thence corveyed away by the steam-pipe. The 
following general directions are given respecting the quantity of water to be 
kept in a boiler of this construction ; viz. it ou^t always to fill, not only 
the whole of the lower tubes, but also the great steam cylinder A, to about 
half its diameter, that is. as high as the fire is allowed to reach; and in no 
case should it be allowed to get so low, as not to keep the vertical necks, 
or branches, which join the smaller cylinders to th>i great cvlinder, foil of 
water, for the fire is only beneficially employed when appliea, through the 
medium of the interpos^ metal, to water; to convert it into steam ; that is, 
the purpose of the boiler would in some measure be defeated if any of the 
parts ot the tubes which are exposed to the direct action of the fire, should 
present a- surface of steam in their interior, instead of water, to receive the 
transmitted heat This must, more or less, be the case, whenever the lower 
tubes, and even a part of the upper, are not kept filled with the water. 

Respecting the furnace for this kind of boiler, it should 
always be so built as to give a long and waving course to the 
flame and heated air, forcing them the more effectually to 
strike against the sides of the tubes which compose the 
boiler, and so to give out the greatest possible portion of 
their heat before they reach the ohimney. Unless this be 
attended to, there will be a much greater waste fuel than 
necessary, and the heat communicated to the contents of the 
boiler will be less from a given quantity of fuel. 

When very high temperatures are not to be employed, the 
kind of boiler just described is found to answer very well ; 
but where the utmost force of the fire is desirable for pro- 
ducing the most elastic steam, the parts are combined in a 
manner somewhat different, though tne princmle is the same. 
In the Philosopimal Magazine^ vol. xvii. p. w, is a descrip- 
tion and drawing of a boiler of this kind, two of which were 
erected, in 1803, at Messrs. Meux^s brewery. 

In every case Mr. Woolf uses two safety-valves, at least, 
in his apparatus, to prevent accidents ; a precaution which 
cannot be too strongly enforced, as it may happen, when but 
one is employed, that by some accident it may get locked, 
and the engine and people about it be exposed to the danger 
of an explosion. 

In those engines of Mr. Woolfs which we have seen, he 
employs boilers like the one described, viz. with two small 
tubes beneath, which are full of water, and exposed to the 
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immediate action of the flame, communicating by perpen-^ 
dicular necks or branches with the large cylinder above^ 
which has water in the lower part, and steam in the upper. 
The only diflerenpe from what we have above described is, 
that the lower and upper tubes are placed in the same direc- 
tion, instead of being at right angles to edcli other ; and the 
flame proceeds in the direction of their length, instead of 
crossing them ; the lower or water tubes are rather inclined 
upwards; The. metal of these tubes is made very thick, 
whh a view to strength and durability. 

The idea of making boilers for raising strong steam by a 
number of small: tubes, which can be m^c stronger than one 
large vessel, is not original with Mr. Woolf, Mr. Blakey, of 
whom we have before spoken, having proposed it in a small 
tract which he published in French, at the Hague, in 1776* 
But his tubes were to be placed over each other,, in an 
inclined direc^on, and the water, being admitted at the upper 
end, ran down within the heated inclined tubes, and became 
converted into steam. 

Woolf* s regulating steam^valve, — ^Besides the common 
safety-valves, Mr. Woolf has also introduced a valve of a new 
construction into the steam-pijpe itself, to repdatc the quan- 
tity that shall pass from the ooiler. In fact, it is a self-acting 
steam-regulator, and extremely ingenious. 

A (fig. 201) is a part of the great or steam cylinder of one of Mr. Woolf'* 
boilers ; B B, the neck or outlet for the steam, surmounted by a steam-boj* 
C, which is joined to the neck B B, by the flanges a. o. The top or covei 
of the steam-box C, marked with the letter D, is well secured in its place 
and has a hole through it for the rod of tlie valve to pass ; and the interior 
of the hole is formed to a box to hold a stuffing, and make the rod work up 
and down steam-tight, the stuffing being kept in its place by means of a 
collar, screwed down in the usual way, as shown in the figure. By means 
of a pin 6, and the two vertical pieces e, e, the sliding-valve rod is made fast 
to m, which is a close cover to the hollow cylinder n n. The cover niMst 
|team-tight into the conical seat, at the upper end of a collar o o, whi^ is 
made fast to the flange a a, and descends into the neck of the boiler, forming 
a barrel, in which the cylinder fits close. The cylinder n n is open at 
bottom, having a free communication with the steam in tlie boiler A ; and 
it has three vertical slits cut through the sides, one of which, S, is shown in 
the plate. The sum of the area of all these slits or openings is equal to the 
area of the opening of the seat or collar o o, in which the cylinder n n works. 

When the steam acquires a sufficient degree of elastic force to raise the 
valve, (that is, the cylinder n n, with its cover nt, and the rod R,) together 
with whatever weight the rod may be* loaded, then the openings S, rising 
almve the steam-tight collar or seat o o, allow the steam to pass into the 
steam-box C, and to flow off to the engine through the pipe N. But the 
quantity of steam that passes is' proportioned to the elastic force it has 
acquired, and the weight with which the valve is loaded ; .because the rise 
of the openings, S, above the collar o o, will be in that proportion. 
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This valve may be loaded by applying weights in any of 
the usual methods ; but Mr. Woolf prefers the one shown in 
the drawing, in which the upper pari of the rod R is joined, 
by means of a chain, to a quadrant of a circle Q, for the pur- 
pose of carrying h pendulum weight Z, th^ admits of being 
moved nearer to or &rther from the centre of the 'quadrant, 
according as the pressure of the valve is wished to be increased 
or' diminished. 

As the valve rises, the weight moves upwards in the arc n n, giving a 
continually increased resistance to the farther rising of the valve, propor- 
tioned to the horizontal distance of the weight from the centre of of 
which the weight attains a continual increase by its rise in the arc, accord- 
ing to the horizontal distances measured on the line Q p, pressing through 
the centre of the weight by perpendiculars from the horizontal line. 

Thus, if the weight Z presses down the valve m with a force equal to 
20 pounds on the square inch of the aperture in o o, in its present position, 
when it rises to the position at i, it will press with a force equal to 30 
pounds, and at with a force equal to 40 pounds on the square inch ; so 
that the* rod Z may be made to serve at the same time as an index to the 
person who attends the fire, nothing more being necessary for this purpose 
than to graduate the arc, described by the end of the rod Q Z, by experi- 
mental trials. In the side of the steam-box C there is an opening, N, to 
allow the steam td pass from it by a pipe to the steam-engine. 

It is plain that the adjustment of the positive pressure on this valve 
can be determined by sliding the weight Z of the pendulum to a greater 
or less distance from the centre of motion. Again, to adjust the rate of 
the increasing forces, so as to correspond with the increasing force of the 
steam, the radius of the quadrant, Q, must be apportioned to the diameter 
of the valve and the opening of the slits, $, so that the ascent of the weight, 
Z, in its cpiadrant will be correspondent to the varying pressure, lliis 
adjustment must be made as nearly as it can be done before the valve is 
fixed; and to bring it afterwards to an exact regulation, the chain is 
attached to the rod, R, by a nut and screw ; by means of which, any part 
of the arc can be used that is found most correspondent with the varying 
pressure, because the rate at which the resistance of the lever increases is 
more rapid when the pendulum is near to the perpendicular, than when it 
approacnes the horizontal position. 

Tlie same effect may be produced, by making the slits in the side of the 
cylinder narrower at the lower part of the cylinder, instead of being 
parallel. 

BELL-CRANK ENGINE. 

Messrs. Boulton and Watt, soon after, the expiration of 
their patent for effecting condensation in a separate vessel, 
introduced a form of engine, called the bell- crank engine, 
of which we shall represent so much as is necessary to 
exhibit the alteration in the mode of construction. 

Fig. 202 is a side view of the engine. A B C is the bell-crank, there 
being another exactly similar part on the other side, moving upon a fixed 
centre, C ; the end A D is joined to a cross-piece which works the piston- 
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rod in the cylinder. £ serres for the air-pnnip, and Q for tliC cold-water 
pump, and the hot-water pump may be woraed upon the same bar. Tiie 
connecting rod from B to H is supposed to be attached to the crank of the 
fly-wheel at H. Engines of this description are mostly constructed with 
slide or D valves, which are worked by the beam AC. This foriA of 
engine does not possess any particular advantages otherwise than those 
arisiiig front compactness, which are not of sufficient weight to counter- 
balance the increased friction. It was, in some few instances, at the 
commencement of steam navigation, applied to boats, but it was found .to 
answer not so well as the double-beam engine. 

VIBRATING ENGINE. 

With a view to do away with the beam of the engine, 
and to communicate the motion direct from the piston-rod 
to the fly-wheel crank, a form of engine has been constructed, 
which, in engines of small dimensions, where the piston-rod 
can be made of sufficient strength compared with the weight 
of the cylinder that is to vibrate, have answered tolerably 
well. We have seen one of about one-horse power, which 
had been at work four years. 

Fig. 203. A is the cylinder, B the piston-rod, C the crank, D the fly- 
wneel, E a stand supporting the cylinder pivot F, which has a similar one 
on the opposite side. One of these pivots is formed like the key of a four- 
way cock, liaving a communication to the top and bottom of tlie cylinder. 
By the movement of the piston, the cylinder is caused to vibrate, to turn the 
crank and fly-wheel, and the steam passes alternately to the top and bottom 
yS the cylinder, by the two-way axes on which the cylinder vibrates. 

When engines this construction are formed of any 
considerable size, there is a danger of bending the piston- 
rod, and in vibrating, the weight of the cylinder loosens its 
fitting in the stuffing collar of the cylinder-cap. 

ROTA'I'ORY ENGINE. 

/Vll steam-engines as yet noticed, have their action pro- 
duced by the movement of a piston in a cylinder, and act by 
what is called a reciprocating motion. In engines of this 
description, a very considerable degree of power is Ex- 
pended ill arresting the motion of the different working parts^ 
and putting them into action in a direct contrary course: 
this has claimed much attention from engineers, and many 
attempts have been made to construct an engine in which 
the action of the steam should operate in a continuous manner, 
without bringing the parts to a state of rest. 

The most obvious mode of attaining this object, is the producing a 
rotatory motion. One of the most .dmple engines on this construction is 
represented in fig. 204, where two sections are shown, the one at right 
angles to the revolving shaft, the other parallel to it, the same letters in 
both denoting the same parts. U U U U is a circular steam-case, with the 
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two ends enclosed by the enculsr plates V V V V, through which the 
R passes. To R is attached by four arms, SSS^ the ring PP^ in which 
the fims or flat pieces, A and B, are fixed on hinges formed steam-tight, hm 
capable of being shut in u^u the rina, as A, or opening and closing the 
steam-course O O O O, as B. To eaim of these four pieces is attached a 
tail or tripping piece, C and D, which, during thehr revolution, touch the 
stud £, ana raises their respective fans into the steaxn-way, as shown by the 
dotted fan at A^, just after it has passed the steam aperture, I. The passa^ 
to the condenser is represented, at N ; G is a camb-piece attachea to the 
outer case, and fitting in a steam-tight manner upon PPPP, serving to 
close the fiins as they come round. The steam entering at I presses upon 
G and A\ which is supposed to have been just raised to that position, and 
forces it round, together with the ring PPPP, and the centre shaft R, until 
it passj^ the aperture through which the steam issues to the condenser, prior 
to which the other fan, B, passes the steam-way, and obtains a position to 
receive the action of the steam, and continue the motion. 

The steam-way, 00 0 0, may be considered to be a cylinder bent round, 
and the fans, as they obtrude themselves, act the part of a piston, receiving 
the impulse of the steam always on the one side, and effecting the con- 
densation always on the other. It being requisite that the steam-way 
should have some teimination, the obstacle, G, is indispensable, and the 
movement of the fans upon hinges, or some other mode, to pass such 
obstacle, is unavoidable ; and therefbm, from being thus compelled to move 
the piece acting as a piston continually to and from its fittings, it becomes 
extremely difficult to maintain those fittings steam-tight. This, together 
with the steam-way not being capable of receiving the cylindrical form, 
are inconveniences of great moment. It has been found, therefore, that in 
maintaining engines of this construction in a working condition, great 
difficulties arise, which hitherto have not been surn^ounted ; and as at pres^ 
these engines exist to no useful end, we shall refrain from describing them 
further. 


HIGH-PRESSURE ENGINES. 

If water be urged greatly by fire, steam of greater pres- 
sure is obtained; and it has been long known, that the 
extent of the pressure increases in a greater ratio than the 
expenditure of heat, which has been an inducement to many 
to attempt to use steam at excessive pressures. The pres- 
sures generally allowed in high-pressure engines, is not more 
than 40, and seldom exceeds 50 pounds te the inch. 

In engines where the pressure is so great, the weight of 
the atmosphere is not taken into account, and the mode of 
effecting the motion of the piston is, by allowing one end of 
the cylinder to be open to the air, whilst the steam acts on 
the opposite side of the piston. By this mode of operation, 
W the parts appertaining to the promotion of condensation, 
are dispensed with, and, consequently, the expense of making 
those parts, the friction caused by their operations, and the 
attention which was necessary to their well-being, is entirely 
saved. This gives to the engine a peculiar degree of sin^ 
plicity, but it is unfortunately attended trith some Aulger. 
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Steam was applied in this mode so early as the year 1724^ 
and is described by Leupold, in his Theatrum Machinarum 
Hydraulicarumj vol. ii. p. 93. The engine thus described^ 
is formed with two cylinders^ having pistons fitted and 
attached to two separate beams, w;hoBe other ends are con-, 
nected with two force-pumps. Between the two cylinders is 
a four- way cock, and as the pistons are weighed and brought 
down to the bottom of each cylinder, it is evident that by 
means of this cock, the steam can be let on alternately to the 
bottom of each cylinder, whilst, at the same time, the oppo- 
site cylinder to that in which the steam is admitted has a 
communication with the atmospfiere. Thus, by turning the 
cocks, the two pistons are alternately raised by the steam, and 
permitted to descend by the loading of weights attached to 
their other end. This simple construction of high pressure 
may be placed on a par with Newcomen^s condensing 
engine. 

Mr, Watt presents to our notice this mode of using the 
direct action of steam, in the latter part of his specification, in 
1769 ; but the most common application of high-pressure 
steam, of late years, is used in a form of engine invented 
by Mr. Trevitheck, for the purpose of applying this power 
to locomotion. He obtained a patent for it, in union with 
Mr. Vivian, in the year 18(12. This engine, from its compact- 
ness, is peculiarly applicable to this purpose, as it requires no 
condensing water, which would be an insurmountable bar to 
its introduction. 

Fig. 205 presents a section of this form of engine. A B is the boiler, 
A' a safety-valve, C D the cylinder, E the four-way cock, G the passage 
from the boiler, H the passage to the chimney, G' for 'the exit of the steam. 
E is a four-way cock, F the passage to the top, and K the passage to the bot- 
tom of the cylinder. M the piston, N the piston-rod, O die connecting rod, 
joined to the cranks of the fly-wheel. The beam R is worked by the con- 
necting rod, which has the rod of a small force-pump S attached to it, acting 
on the other side of the boiler, and forcing water along Q U into ihe boiler 
by I. The fire-place is behind the chimney, as seen in the new, and is 
surrounded on all sides by the boiler. Fig. 206 is a section of the cylinder 
at right angles to the section at fig. 205. The four- way cock is moved by 
means of a lever on its axis, which is struck by a tapit upon a rod from the 
cross-piece Cs. It must be understood that there is another connecting 
rod and crank on the farther side of the engine, and that the beam 
connects them. 

This engine, we conceive, requires little elucidation. The 
four-way cock permits the steam to pass alternately to the top 
and bottom of the cylinder by the passages F and K, and 
affords it egress byG‘: and the cold w^ter coming to supply 
tihe boiler, surrounding it on all sides, imbibes its heat, by 
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Hidch meai^ the boiler is fe4 with water of a much higher 
temperature/ and the steam is condensed inH^ by which a 
more rapid exit is obtained for it. . 

This kind of engine was e:^res8ly ju$^ed lor working 
caniages. A locomotive endne was mim^by Mr. Treve- 
theck^ in South Wales, in 1804, and was tnfid upon the rail* 
roads at Merthyr Tydvall. It’ drew after it as many carriages 
as carried ten tons of bar iron for a distance of nine miles, 
without any further supply of water than that qontaiued in 
the boiler at setting out, travelling at the rate of five 
miles per hour. Since that period they have, been tried in 
many places upon rail-roads, but iheir introduction had not 
become general until 1811, when Mr. Blenkii^op, pnoprietor 
of the Middleton Coal-works, which suroly the (own of 
Leeds, adopted them for conveying the coals on his rail-road. 
Mr. Bleiikinsop, when he adopted the locomotive engine, took 
up the common rails on one side of the whole length of 
the road, and replaced them with rails which had cogs on 
their upper surface. These cogs are cast at the same time 
with the rails, and are hollow beneath, to be as light as is con ^ 
sistent with strength and durability. The pitch of the cogs 
is six inches, so that each rail of three feet in length has only 
six cogs. A wheel which is fixed on an axis which would be 
that of the fly-wheel at one side of the carriage, works in the 
teeth of these rails;, the whole machine is thus caused to 
advance along the railway. Many fruitless attempts have 
been made to produce an engine capable of moving carriages 
upon common roads; but before this can be efl^ted, the 
numerous parts of the engine must be made more compact, 
and its weight considerably reduced. 

Observations on the work, of steam-engines in 

Cornwall, from Augtist 1811 to May 1815, illusive, 

by Messrs* Lmn* 

Messrs. Thomas and John Lean were appointed to the 
general superintendence; and the different proprietors, 
as also the regular engineers of the respective mines, 
ei^B^ed to give them every facility and assistance in their 
power. Their first Monthly Report was for August, 1811, 
and included eight engines, which had in that month consumed 
23,661 bushek of coals, and lifted 126,126,000 pounds of 
water one^ foot high, with one bushel of coals for each engine, 
being an average duty of 15,760,000 pounds lifted one foot 
hq[h with each bushel of coals* In the months of September 
and October the engines reported were nine, and in November 

p 
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and December twelve ; eAd it now evidently appeared thift 
the regular publication of Messrs. Lews' very tables 
had already been attended by some improvements in me con- 
dition of the engines ; for the average duty for December, 
1811, extracted from these tables, appears to have been 
^unds. 

In January, 1812, the number of en^pnes reported was four- 
teen, and by the end of that year they were increased to nine- 
teen ; and the average duty performed by aU the eni^Os in 
the last-mentioned month had advanced to i8^200,000pounds. 

In 1813, the number of engines included in me Mont^ 
Reports continued to increase, till in December they were 29, 
and the average work 20,i62j000. 

During some of ‘the months of 1814, the^Cbj^nes repo^d 
were 32, and the average du^ peribriiied ddnhg lO^e'mb'^ 
was 19,784,000 ^uif3s lifted one foot 'higH t^th .each bushbl 
of coals. „ , 

The table which is subjoined is an abstrit^ mm ^Messrs. 
Leans’ Reports, and has been forined by firat'cbuniitig ho^ 
many engines are reported, as in January l8l5, W engin/iif } 
then adding -up the column containing the qn^t^ty of cmib 
consumed by all the engines during tte montii,.and putting 
down the amount, 110,824 ; in like'mWnCr acmng up the 
column of pounds lifted' by each engine one foot 'high by one 
bushel' of coals, riie amount of s^ich Was 
la^ly, dividing the ‘latter quantity by %f2f the number of 
engines at work, to obtain the afterage duty performed, viz. 
19,916,250 pounds. 


TABLE. 
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Tablb continued. 




1812. May 16 

June 17 

July 17 

August 17 

September 18 
October 
November 
December 

1813. Januaiy 
February 
March 


July 23 

August 21 

September 22 

October 26 

November 28 

December 29 

1814. January 28 

February 26 

March 28 

April 29 

May 28 

June 30 

July 27 

August 26 

September 27 

October 32 

November 32 

December 29 


1815. January 
February 
March 
April 
May 


Bosheltof Busbelfl of 
coalccou* conic upon 
■uroed by all which the 
Uie rapait ic 
engine*. founded. 



60,400 

58,044 

73,862 

61,739 

58,890 

53.110 
56,709 

50.110 
58,008 
74,796 
77,135 
86,273 






273.546.000 

288.076.000 

300.441.000 

314.753.000 
348^396,000 

321.900.000 

381.460.000 

341.803.000 

17.098.000 

16.940.000 

17.677.000 

18.510.000 

19.355.000 

17.883.000 

18.160.000 
18,900,000 

363.906.000 

438.737.000 

440.642.000 

431.032.000 

463.346.000 

470.157.000 

443.462.000 

416.898.000 

427.148.000 

488.671.000 

537.958.000 

584.721.000 

19.153.000 

19.940.000 

19.157.000 

18.700.000 

19.300.000 

19.590.000 

19.281.000 

19.852.000 

19.415.000 

18.795.000 

19.212.000 

20.162.000 

550.751.000 

536.677.000 

565.406.000 

576.617.000 

569.319.000 

626.669.000 

573.208.000 

545.019.000 

560.608.000 

630.704.000 

637.322.000 
573,744,006 

19.670.000 

20.641.000 

20.193.000 

20.325.000 

20.305.000 

20.888.000 
21,229,000 

20.960.000 

20.763.000 

19.709.000 

19.916.000 
19,784,276 

637,320,090 

19,9 

16,250 

710,271,250 

21,5 

23,370 

706,071,990 

20,7 

66,820 

695,212,340 

19,8 

63,210 

669,299,140 

20,4 

79,350 


From the foregoing table it appears that the average duty of 
the engines reported, exclusive of Woolfs patent engine, is 
at this time about 20 millions. 

We have puiposely omitted Woolfs patent engine, because 
one of the ends intended to be gained by the Monthly Report 
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of work actually done by the engines employed in the mines, 
particularly in pumping, was to know the comparative merit 
of Woolfs engine with two cylinders when contrasted with the 
steam-engines in common use. One of Mr* Woolfs engines 
has been lately erected at Wheal Vor mine, of 53 inches 
diameter in the gi'^at cylinder, (the smaller cylinder being 
about one-fifth of the contents of the great one,) and nine 
feet stroke. According to Messrs. Leans’ Keport for May, the 
duty performed by the engine alluded to, was 49,9^,882 
pounds lifted one foot with every bushel of coals consumed ; 
and by letter we are informed (for the printed Report has not 
yet reached us) that the duty performed by Woolfs engine in 
the month of June was 50,333,000. 

Thus it appears that the average duty of the patent engine 
for the months of May and June was fifty millions, while the 
aggregate average duty of the other engines is only twenty 
millions. From this it is evident that Mr. Woolfs improve- 
ments on the steam-engine will be productive of much benefit 
to the mining interests of the kingdom. On some of the large 
mines, when this engine shall have come into general use, 
which it must do sooner orlater, the saving in fuel only will 
add to the yearly dividends among the proprietors several 
thousand pounds sterling. Nor is this all ; the expense that 
will thus be saved will prevent numbers of mines from 
stopping work ; and will be the means of setting many again 
to work which have ceased on account of the expense neces- 
sary to keep them free from water. 

By Messrs. Leans’ Keport for January, ^1816,) the average work of 33 
engines was 20,694,630 pounds of water lifted one foot high for each bushel 
of coals consumed. Woolf^s engine at Wheal Vor during the same month 
lifted 47,900,333 pounds, and his engine at Wheal Abraham 47,622,040 
pounds one foot high with each bushel of coals. 

By the Keport for February, the average work of 34 engines was 
20,667,398 pounds lifted one foot with each bushel of coals. Woolfs 
engine at Wheal Vor lifted 45,493,303 ; and the one at Wheal Abraham 
45,896,382 pounds one foot high with each bushel. 

Having examined into the construction of the several kinds 
of engines in general use, we shall forbear to mention the 
steps of eVbry speculatist who has attempted improvements 
in ' this machine, and which have for years filled our pe- 
riodical publications with plans, possessing more or less 
ing^uity. 

Calculations with respect to the power of steam arc of great 
importance ; but practical people are well aware that they 
cannot be attended with accuracy. We have ahmdy shown 
4hat the amount of actual force expended in Steam-ptessures, 
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can be ascertained with great accuracy, by gauges and safety- 
valves ; but the resulting disposable power is not so easily 
discovered, as the friction of the various parts vary greatly 
according to the state which they are in. The state of the 
condensation^ in condensing engines, gives a more or less 
perfect vacuum, which will vary notwithstanding the utmost 
vigilance. It has been generally set down, among engineers, 
that nearly one half of &e power of steam must be deducted 
from the disposable force ; therefore, suppose an en^ue of 
24 inch piston, the area of which will be 452 square inches, 
has a perfect vacuum, as exhibited by the barometer of the 
condenser, and the weight of the atmosphere, denoted by the 
weather-barometer, be about fourteen pounds, and the steam- 
gauge on the boiler stands at about two inches, which is an 
indication of two pounds pressure, we may estimate that there 
is 17 lbs. per square inch pressing upoiif the piston ; therefore 
17 X 452 = 7684 lbs. on the piston, half of which being 
deducted for allowance of friction, leaves a disposable force 
of 3842 lbs. moving through the distance at the same rate in 
which the piston moves; which force being divided by Messrs. 
Bolton and Watt's estimate of a horse-power, will give the 
nominal power of such engine. In high-pressure engine:^, 
where the steam is not coUdcnsed,*what is indicated by the 
steam-gauge of the boiler only, must be estimated as the 
power acting upon the piston. 

That the increments of power take place in a quicher ratio 
than those of the temperature, has been long knowm ; and 
an ingenious mechanic of the present day has attempted to 
use steam at very high pressures. Without entering into a 
description of the obstacles he met with, we will briefly ob- 
serve, that the requisite strength of the parts to withstand 
the pressure, conjoined to the excessive heat, present ob- 
stacles not easily to be overcome. 

The reciprocating motion in steam-engines is a loss of 
power which cannot be denied. For the momentum of the 
beam and other parts passing in one direction have suddenly ' 
to be arrested and moved in the opposite direction, which 
produces a loss of power. Rotatory action has been souglit, 
therefore, with propriety, but has not yet been obtained with 
advantage. 

Messrs. Boulton and Watt, in die introduction of the 
steam-engine into many work^ where the power of horses 
was used, were obliged to take into consideration the number 
of horses used for any particular purpose, in order to ascer- 
tain the amount of force wanted. Upon the conclusion of a 
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numerous set of experiments lliey decided^^. that a horse, ^ 
working eight hours a day, was capable of raising 33,000 lbs." 
one foot h^, in a minute* TherefoM> by dividing the num- 
ber df pountfe ah engine ban. Kid onn feothigh in a minute, it 
wUKgive the amount of hors^a* to wmeh that enj^iie is 

equfd. 

An entire view of an' engine ofthe eonthuetfoit teraied portable, is repre- 
sented at fig. 207. A is die c^Undc^^'B the tk-pvmp, C the cola-water 
pump, D the bot-wal€>r punipv. « beam, F the oeanectmg rod, G the 
dy-meel, II the eccedkic^thaft, land 1 1^ govctmor. 

It would occupy many volumes to describe the various forms 
of construction of en^es which have;, rince the knowledge of 
the power of steam^ been contrived; and the information such 
descriptions would convey would be, comparatively speaking, 
of very little value, as the magority of them have arisen from 
men ignorant of the principles of the action of the machine,* 
and whose productions should be classed as futile alterations. 

In attempting any improvements, the principles of action 
should first be taken mto consideration. In cMdensing 
engines the movement is effected by the alternate increase 
and decrease of temperature, the perfection of both of which 
is of great importance. The primary point to be aimed at, 
therefore, is the to^ntaining of high temperature whilst the 
steam is forcing,, and reducing it snddeifly when the conden- 
sation is to be effected. This wad icdcen into consideration 
in the constnieticfn of Newcomen’s engine, and was most 
effectually attained by Mr. Watt. 

The other parts of the engine may be examined with a view 
of improvement, by considering their weight and friction, 
and by the substituting of a rotatory instead of a reciprocating 
motion. 

Simplicity of construction cannot be too strongly recom- 
mended in all mechanical combinations ; for there are many 
contrivances which would certainly be deserving of the name 
of improvements, were they not inapplicable on account of 
their intricacy. 

Attempts have frequently been made to avoid the use of the 
air-pump, which takes up a considerable portion of the power of 
an engine. A water barometer, adapted to the condenser, has 
been sometimes adopted ; and a fall of water has been made 
to pass over the upper edges and down the orifice of a tube, 
forcing the air before it. The upper end of this tube com- 
municates with the eduction pipe, and is said to support a 
vacuum of considerable rarity. Exposing the steam which is 
to be condensed to an increased surfiice by passing it along 
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tubes surrounded by water, or amongst tubes containing 
water, has likewise been frequently adopted. Indeed the ex- 
posi^, of consideiiable sur&ce to receive heat in the generation 
of steam, and the sAme to abstract it in condensation, have 
l^(^n subiected to frequent trial. That ^ advantage is to be 
prppu^ed by . adoption of such ^lans is iindoubte^i but to 
attain' such increased surface an intricacy in the parts, we 
f^ar, must be.adopted, which will more than counterbalance 
the advantages gained. ^ 

The valves, oH those parts of an engine which direct the 
distribution of the steam, have always had the attention of 
engineers, and, as we have shown, many elegant combina- 
tions have resulted from their ingenuity. 

In running a steam-engine, attention should be given to the 
working partjf**^ , The cyumder should be packed with clean 
hemp ana the best tauow, and frequently examined to see 
that the packing is in order. The steps of the fly-wheel, 
sh^, and of the crank, beam, &c. should be frequently ex- 
amined, end kept well oUed with sperm oil, which is the best 
for all machinery. These parts must be kept from dust, and 
if dry grindstones are driven in the mill, the dust must be care- 
fully boxed off from the engine. The use of sand on the floor 
of an engine-house should, for the same reason, be dispensed 

The method of starting an engine is, first to shut the con- 
densing cock, then to open all the valves *to let the steam 
pass into the jacket, into the cylinder, through the eduction 
pipe into the condenser, and out at tlie blow-valve, in order 
to expel the air from all the parts, and get them to a proper 
temperature, which will be snown by the steam issuing from 
the blow-valve ; for previously to the parts being sufficiently 
warmed, the steam in its progress becomes condensed. 

When all the parts are heated, the injection water may be 
let on, and a vacuum procured on one side of the piston, 
which produces instant action. 

The lever of the throttle-valve, which is ultimately to be 
attached to the governor, should, on starting* the engine, be 
held by the hand of the attendant until the work is thrown on, 
and the engine has acquired regular motion. 



216 


THK OPBRATlVK MRCHANfC 


BROWN'S VACUUM, OR PNEUMATIC ENGINE. 

Having concluded our account of the stisam-engine, xire 
shall now proceed to give a description of the engine above* 
mentioned, which has recently claimed much attention from 
the mechanical part of society. It is represented in fig. 206. 

AA a beam, capable of vibrating upon a centre at B. 

C and two chambers, formed of metal, of sufficient strength to resist 
the pressure of the atmosphere (about 14 lbs. to the square inch) upon its 
external surface, and having the caps Cs suspended, one at each end of 
the beam, capable of closing each of these chambers in an air-tight manner, 
llie chamber C' is shown in section. 

££ and £^ £^ are two pipes, containing valves opening upwards, leading 
and affording a communication from the vessels F and with each of the 
chambers C and C'. These vessels, F and T\ contain floats, F^ F^, attAehed 
to the beam A A, by rods which receive motion from the floats ; to these 
rods are attached the slides 1 1, to close alternately, at eadi vibration of the 
beam, the apertures h h. The pinspp, attached to one of the from the 
floats, give motion to the small vibrating tube R, which, by the rods R^ 
attached to the cranks in the ehamber S, alternately opens and closes the 
pipes S', communicating with the vessels F and F'. 

D D is a pipe leading from the gasometer, branching off at D' D' into 
the two chambers C and C', for the purpose of supplying the gas that is to 
be consumed in effecting the vacuum. This supply can be admitted or 
shut off by means of the cocks D*, which open and close by cranks, 
worked by the movement of the beam. 

G G two other branch-pipes, supplied with gas from the easometer, and 
ending in a jet at each end. By the slanting direction of the ends, it is 
evident, that the flames from these jets will, when their respective orifices 
A A be open, protrude into the chambers C and C'. 

K and K' are two pipes, affording a communication from the outer air to 
the. interior of each of the chambers C and C'; their outer ends aro 
capable of being closed by means of the cranks n n, which are attached by 
chains to the floats F® F*. 

The mode of operation consists in allowing the gas to pass from the 
gasometer along one of the branches of the pipe D D, and thence into one 
of the chambers C or C', (suppose C',) where, by the jet of ignited gas play- 
ing in the orifice A, it becomes ignited, and by its combustion Tarefies and 
expels a considerable portion of the atmospheric air ffom that chamber. 
Suppose now the cap of the chamber be put down, and by the movement of 
the rod attached to the float the orifice A and gas-pipe D be closed, the 
combustion will immediately cease, and leave therein a pax^al vacuum. The 
atmosphere beginning now to press upon the vessel F, will cause so much 
of the water to pass ffom it into the chamber C ' as will nearly compensate 
the vabuum, when the valve through which the water passed being closed, 
and communication between the interior of the chamber and the open air 
effected by the opening of K', the water contained in the chamber flows from 
thence through the aperture u, and affords power, by its fall and weight, to 
the overshot water-wheel W. From hence it passes into the vessel S, and 
Anally is admitted by S' into F or F*, leaving the engine in a condition 
to lenew the operation. 
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Byinspe^ing tlie plate it will be ieeo, that wtim theeap^f one dmn^ber 
croses^ the several openings to the same chamber close with it ; and by tlm 
rising of the otli^end of the beam the similar openings to the other phsff 
ber are opened^ pn^mi for a lihe opeiatiqh. It will dtsobe slen 
that the prodnctton Of ttiis tebtion is attained by the nsing of the tivo floats 
in the diatnbeisTdtidFt. '^ r .5*./, 

The adVaatagefl W be derived fWmi this ee§;tii^ a8;detaUed. 
in the descmtive outline of the ihventor^ are,'' ^ ’ 

Firsts llie ^lantit^ of gas consumed beiitf the 

expense of working the engine is moderate, m its application 
on land the saving will to extremely greats the cost of the 
coal gas (deducting the value of the coke) being inconsider^* 
able; The expense of working a marihe engine wUl certainly 
be greater, as the gas used for that purpose must be extracted 
from oil, pitch, tar, or some other substance equally portable, 
yet even in this case, it’mll not equal the cost of the fuel 
reqtdred to propel a steam-boat ; and as a few butts of ml will 
be Buffident for a long voyage, vessels of the largest tonnhge 
may be propelled to tiie most ^stant parts of the world. 

Secondly, ^^The engine is light and portable in its construc- 
tion, tile avera^ weight being less than one-fifth the weight 
of a steam-engine (and boiler) of the same power. It mso 
oCcujpies a much' smaller space, and does not require the 
erection of so strong a building, nor of a lofty chimney. In 
vessels, the saving of tonnage will be highly advantageous, 
both in the smaller comparative weight and size of the 
engine, and in the very reduced space required for fuel. 

Thirdly, This engine is entirely free from danger. No 
boiler ^ns used, explosions cannot iake place, and as the 
quantity of gair consumed is so small, and the only pressure 
that of the atoosphere, it is impossible that the cylinder can 
burst, or the accidents incideiitsu to steam-boats occur. 

The powi^ of the en|^e (being derived from the atmo- 
spheric pressure of ten pounds aild upwards ujpon tiie square 
inch) my be ^creased' with the dimensions of the cylinders, 
to arq extent, and'flJ^j/a ^tortame^ by a mercurial gauge. 

ix is scarcely necessary to allude to the well-known fact, 
that, after deducting the metion arising from the use of the 
air and cold-water pumps, &c. &c. the general available 
power of the condensing steam-engine is from seven to eight 
pounds per square inch. 

The cost of the machine will be more, pariicular^ as , 
constructed for taising water; it is therefore peculiarly 
adapted for draining fens, &c. or supplying reservoirs. The 
expense pit vreae aim tear will also be considerably less than 
that of the steam-engine, and when occasionally out of order, 
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it mn^i^ be ‘W^eited triflhigi cosl^ end witb bat li^le 

fit en^fnidni^ihe effects ofthisem^e^ vre cenaot to acer- 
tun catent withhold our approhatipn ; for the patentee 'has 
undoubtedly effected and applied a mauab produced hy 
^ ihaitinHiy^m a manner different and mom maaagmble tlyu 
*any attempts that have ytherto come to ou|r foiowle^fe. 
The prphahility of its rateriag efficiently into competi^n 
with the fteam^power, is a question that reqiures the data 
oB experience, which, in Uiis early state of the invention, 
cannot be procured. 

We understand it is the intention of the mrentor to apply 
the ^ects of the vacuum thus produced to the movement of a 
piston in a cylinder, which object will, when attained, afford 
a much greater scope for the application of its powers, and 
render it peculiarly applicable to locomotion. Tne obstacle 
which at present suggests itself to the attainment of this end 
is, the difficulty of procuring a rapid condensation without 
sowing cold water to enter the cylinders at each stroke, 
udgch in the present form of construction is allowed^ and 
winch greatly aids the operation by keeping the. chambers 
ttdtirely cooL Without, however, seeking for obstades, 
we wim the ingemous inventori success in surmounting 
them. 


ON THE STRENGTH OF MATERIALS 

An accurate lmowledg|e of the following experiments 
made by Mr. Geoige Renme, Jun„ and communicated by Mm 
In a letter to Thomas Young, M. D. For. Sec. R. S., is of so 
mpeh importance in the omstruotion of macldnes, that we 
have extracted it from the 7y<msacnotu of the Uoyai Society; 
to which we have annexed some useful notes by Mr. T. 
tVedgoId. 

** In present^ the result of the foUovring experiments,” 
says Mr. Rennie, “I trust 1 shall not be considered as deviating 
from my subject, in taking a cursory view of the labours of 
others. The knowledge of the properties of bodies which 
come more immediately under our observation, is s6 instru- 
mental to the pmc^css of science, that any approximation to 
it deserves our semus attention. The Royal Society appears 
.to have instituted, at an early period, some experiments on 
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battHwluiTaiceiwitfd littia «o<ai<Uw. 
in his Meehanies, mM laid down a nuaidiar' of nilai. 
ahptdxttoationB. ‘ Pn^sar Robinow in hk tnrr aBi(ad "ti f l *f — 
iff tbie BncrntBU^Mu Britt^miea, Baidw rakiUialBpir^ of 
MacHnes^ -Dr.- Anderson of Glaa^W* Oikni|L 9«>M)tayf Ac. 
are tiKose,'- amongsh our oouotryniea, 
rhstdt of their expmBi«BtB-<M» wood and iaeau IThd sahja^ 
however, appears to have excited conHdHsd>le.atti9i^i[pnLOn.tha 
continent. A tbeoiy was published in-ilie-piW by 

Galileo, on the resistance of solids^aad siobaequenfreo^inaBy 
other philosophers, fiat however jdausible these investiga- 
tions f^peareo, they were more tibeoreticfd than practical, as 
will be seen in the sequel. It is only by deriving a tiieory 
from earful and well-directed mepnimenta, that pra^cal 
results can be obtained. It would be useless to enumerate 
the labourO of those philosophers, who, in following, or varying 
from the steps of ualileo, have merely tended to obscure a 
snbject respecting which &ey bad no data to proceed upon. 
It is sofflisient to enumerate the names of those who, in con- 
junction with our own countrymen, have added their labours 
to the little knowledge we possess. The experiments of 
Boffon, recorded in the Jlnnala of tl^eAcadenuf of Sciences at 
jPirrfr,' in the yean 1740 and 1741, were on a scale sufficiently 
large to justify every conclusion, had he not omitted to ascer- 
tain tlie direct and absolute strength of the timber employed. 
It however appeared from his experiments^ that the stren^h 
of the ligneous fibre is nearly in proportion to the specific 
gravity. Muschenbroeck, whose accuracy (it u sud) eatitled 
him to confidence, made a number of experiments on wood 
and iron, which, ^ being tried on various specimens of the - 
same materials, affi>rded-a mean result considerably higher 
than other previous authorities. Experiments have also wen 
made by Mariotte, Varignon, Perronet, Ramus, Rondelet, 
Ckn^y, Navier, Aubry wad 'fiexier de Norbeck, as also at 
the J^lc Pofutechniquef under the direction of M. Prony. 
V^tii such' authorities before usj it might be deemed presump- 
tion in me, to ofikr you a communication on. a subject which 
had been previously treated of by so many able men.* But 

• It is true that the subject has been eonsidefed by able philoso- 
phers, from OalilSo down to the present penod, but^ is only l^ly that 
the proper object of attention has been ascertained; or at least the results 
of thrir inquiries had not been brought forward in a practicable form. For 
when Dr.T. Young published his L^tures, there mas litde on the sulyect 
besides the intricate, and I may add unsatisfectory, investigations ^ Euler 
and Lagrange. As to the resuitanoe tofracture, which with the greater part 
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whoem hasiiad oceasion to inveiitigate the prmciplf pt, Uppipi 
whiobwy edifice is constructed^ wbeie the ccpiJbinatjw cnitf^ 
piite^mie^Snciier uneertaai|.Tt]de 6 ;th^. 80 uiid 

ciple^ ivffl isooD'^ find how.^'M is our knowledge on a 
Bubj^ so ^highly imnort^mt. T%e desire of obtaining ^some 
could only be accomplished by rej^tq^l 
trii^'l^^e sutMtances.themselyes^in^^ me tojunderM^e 
the fbskvwtng experiments*. 

A bar of , the best Englidi iron, about tea feet long, was selected and 
fanned into a lever, whose Iul 9 rum is denoted by/, fig, 209. . The hcde was 
accgarately bored, and the pin turned, which suffered it to move freely. Tlie 
standard A was firmly secured by die nut c to a strong bed plate of cast- 
iron, made firm to Ine ground. The lever was accurately aivided in' 
lower edge, which was made straight in a line with the fulcrum. A point, 
or division D, was selected; at five inches from the fulcrum, at which place 
vras let in a piece of hardened steel. The lever was balanced by a WCiglit* 
and in this state it was ready fpr operation. But in order to keep it ^ leyei , 
as pofeible, a hole was drilled through a projection on the bed ^ plated tai^'. 
enough to admit a stout bolt easily through it, which again was prevenfed from 
turning in the hole by means of a tongue f fitting into a cwresnonding groove 
in the hole. So that, in order to preserve the level, we hao only.j^o move 
the not to elevate or depress the bolt, according to the site of the specimen. 
But as an inequality of pressure would still arise from the nature of the 
apparatus, the b^y tobe^examinedwas placed between two pieces of steel, 
the pressure being communicated through the medium of two pieces of thick 
leather above and below the steel picecf, by which means a more equal 
contact of surfeces was attained. Tne scale was hung on a loop of iron, 
touching the lever in an edge onlyc 1 at first usM a rope for the balance 
weight, which indicated a mctibn of four pounds, but a chain diminished 
the friction one half. Every movable centre was well oiled. Of the resist- 
mces opposed to the simple strains which may disturb the quiescent state 
of a body, the principal are the repulsive force, whereby it resists com- 
pression, and the fiirce of cohesum, whereby it resists extension. On the 
former, with the exception of the eimriments of Gauth^ and Rondel^, on 
stones, and a few others, on soft substances, there is scarcely any thing on 
record. In the memoir of Ltmnge, on the force of spriugi; pubHshed 
in the year 1760, the moment of elasticity is represented by a constant 
quantity, without indicating the relation of this value to. the stae of. the 
spring : but in the memoir of the year 1770, on the forms of columns, 
he considei8. abody whose dimensions and thickness are variable^ hs^mi&ms 
the moment of elasticity proportional to the fourdi powei^of thh nriSus; in 
observing the rriations oiueocy and practice to aioeord with esrii other. This 
■ 

of mechanical writers is the only object attended to, it is of ireiy ‘ 

importance. * . 

' The laws of flexure constitute the chief guide in the construction of 
buildings } and the n^ntion of these notes is to call the attention of experi- 
mentalist to this part bf the subject ; and as it is pro^ble the ingenious 
author of the expenments now before me may be tempted to resume, ^s 
labonrsi^i feel certain, that he will not fhel displeased to have hts attemibn 
called to some interesring points of ipqui^^ which be has either neglected 
to noliin^ or has not given to tha public.— T.T. 




wi».adai|Uedby J^ler ti| hM i 
of HhiB wtio^ m edlum^s. 
time, ho^' ih^ i 

iiion'€irdiiin8ta&eesrafld*y<m; 8it» licft rcfpdated 
lecture 911 natmal pbUof^^. The multaiof experimeaMme 

4**9*^*i. •»?« “ ded«»ce4 fivm Oftt the 

pow«r,i^uiie{l.tO! cnvo a cubic, quarter, .of .(iti iiMSi..<rf.c;ii^TW,lB.f<UQgo 
pouiide EVbirdupoise, at 2d0 tons; wheMliby ^ Jktehi^ <# Wneea ek- 
penmedto made by me on cubes of the same sise, tbe'iyirtinl Abided 

10392*53 lbs. not quite five tons. This maybe eeen by k dfe^jtmto the 
tables. There were fbur,,kin^,of J^n usm^ tis. let Iron tabea'^fiom ^ 
centra of a large bl6ck, whom cmt^ .were similar in appie^^ and 
m^;i^de to those evinced' in the fracture* of what b usualfy termed gun- 
metal. 2. Iron taken bom a small castihgi clbm ‘grain^^ and of a dull 
grey colour. ' 3. Iron cast horixontallyinbais of }th inch ^oaie» 8 inches 
long. 4. Irgn, cast yertically^ same she as, last. These ^tjngs weie re- 
duce equally on every side to ^ of an indi square : thus rmoving the hard 
extetnal coat usually surrounding metal castings. They were idl suljected 
to a gkuge. The bars were then presumed to be tolerably uniform. The 
weights ^ed were of the best kind that could be procured^ and as ^ ex- 
periihetit admcedi smaller weights were used. 

JBj^erimenii an eoit-iron in euUa ofi of an ineh, ^c. 

Iron taken bom the block whose specific gravity was 7*033. 

Ibt. avolrdupoise. 

1454 

;*•••; 1416 

1449 

On specimens of dlffBrent lengths. Specific gravity of Iron 6*977. 


Averaget. 

1439*66 

i 

2116 

1758*5^ 


slipped with 1863 lbs. filed flat, and crushed 

with..' 

ditto, 1495 ditto 

ditto 

ditto 

ditto 

ditto 


1922 

2310 

2363 

2005 

1407 

1743 

1594 

1439 


Jtpril 23 , 1817 . 
9mA i 


10114 



Baperimenio on cnOet of of an bird token from the 
block 

10561 

xi 9596 

xi 9917 

xd 9020 

€aetimge, horUtonM. Bpedjtc groMtf 7 * 113 . 


dx* 
♦ xd 


10432 

10720 

; 10605 

8699 

Vertical caetinge, SpcCiJIe graoitp 7H>74. 

bottom of vertical bar .i • 12665 

10950 

11088 

•t 9844 

^'il^*'s^*braiM‘\ritk' 1 trM 

.grin ll««« 
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AveMfti^ 5 r ' * ' lbf.^olnl99«aN» 

A pTW, tiavw t loigari^mlc curve for U» linits, rownibliiHr > 
eolunmf'il waif an iucb diameter bypnaiaoi loiv,.bn»e . 
with 9 ». •«•«•»••• •••#•••• m69(4 , 


^tpril 2S(JI. Triult onprUm of different lengths^ 

A.k fi^i IwriaonHd 

ditto 

"fx| dittos Had trial, 900d Ibi* 

2-5 /fx* wtical 

t*xd ditto 


949» 

933^4 . 

9938 

10027 


April 29M. Horizontal darting*^ 

V 9006. 

8845 

8362 . 

V. }. 6430 

fxf ' or one Inch lon^ . . • 6321' 



X 


Fertical coitingc. 

*x| 

ixj 

f X f a amall defect in the specimen . • . 

*xi 

ix.| or one inch.... •««... 9:... 


9328 

8385 

7896 

7018 

6430 


Expertnumic on different metaii. ^ 

$xf cast copper, crumbled with 7318 

I x| One yi^ow brals rednted Vrith 3213* i with .... 10304 

:|x| wrought copper . . . . 3427* ‘| 6440 

'|x| caatun ;; 552*| 966 

cast lead 483 

The anonifdj between the three first experiments on f cubes, and t'he ^o 
second'of a different length, can only.be accounted for, on the oi0eulty of re- 
ducing such small specimens to an equality. The experiments on f inch prisms 
of different lengths glye no ratio/ The experiments on i inch cubes, taking an 
average of the three first .in each, give a proportion between them and the three 
on f cubes, , 

«i.l : 6*096 in the Mock.casrings 
as 1 ; 7*352 in the .horizontal.ditto . 
as.l : 8*035 in the vertical ditto. 

In several cases the proportion Is as the cubes. 

The vertical cube castings are stronger than the horizontal cube castings. 

The prisms usually assumed a.carve riinilar . to a . curve the third order, 
previous to breaking.. . • 

Tbe experiments, on Che difibrent metals ^re ; jbatis- 
factory results. The difficidty consists in ^assigning a 
value to: the .different, degrees of diminution. Wten .coi^- 
pressed^eyond a certain thickness, the resistance be^oiiwa 
enormous. . J 


Experimente on ihe euepeneton ofbOrek. . 

Thelejvey was.ueed asin.the former case, but the metalswere held by nippers. 
They wupffna^ade.of wrought-iron, and their ends adapted to receive the hixs, 
which^^^M being tapered at. both.cxtremities, and increasing in diameter fif^ 
the asMsw septianf (if. I may so. express it,} and the jaws of the ni^rs befim 
confined by a hopp,.roiiitted both. Thebars, which were six inches long, and 
9 sqnsni^fweie.thns.fiikly and firmly grasped. 
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45 i Inch, c«tl iron bor, horiisimtal • • 

45 I do. ' do.- . vertieal...*.*.*.. «».. 

47 I do. CMt iteel previouily tilted 

48 f do. blister st^ly reduced per hammer 

49 I do. sheai^stedy do. do 

50 { do. Swe^sh iron, do. do 

51 i do. English iron, do. do. 

52 { do. hard gim-metal, mean of two trials • . • • 

53 { do. wrought copper, reduced, per hammer . • 

54 i do. cast copper 

55 I do. One ^lldw brass 

56 i do. cast tin..' 

57 d do. cast lead • . . .' 



Remarki on tho Vui 

The ratio of .the repulsion of tlie horizontal cast cubes to the coherion of 
horizont^ cast, bars, is 8*65 : 1. , 

The ratio of the rertical cast cubes to the cohesion of the vertical cast bars, 
is as 9-14 : 1. 

The average of Uie bars, compared with the cube, No. 16, Is as 10*611 :'l. 

The other metals decrease in strength, from cast steel to cast lead. 

The stretching of all the wrought bars* indicated heat. 

The fracture of the cast -bars was attended with very Httle diminution of 
section, scarcely sensible. 

The experiment made by M. Prony (whicih asserts^ that hy 
making a slight incision mth the the resistance is 
diminished one h^tlf) was tried on a | inch bar of English 
iron ; the result was 2920 Ibs.^ not a sixth part less. 

TUs *single experiment, however^ does not sufficiently^ dis- 
prove the authority of that able philosopher, for an incision is 
but a va^e term. The ineision I mhde might be about the 
fortieth part of auincih. 


ExpenmenU jon the twiet ofi inch bare. 

To effect, the operation of twisting off a bar» another apparatus wad prepared: 
it consisted of a wrought>iron lever two feet long, having an arched head about 
l-6tfi of a circle, of four feet diaiheter, of which the lever represented the 
radius ; the centre round which it moved llada square hole made to receive the 
end of the bar to be twisted. The lever 'wu balauced as before, and a scale 
hung on the arched head the other end of the bar being Axed in a square hole 
in a piece * of iron, and that again in a vif e. The undermentioned weights 
represimt' U m! quantity of weight put into the seafe. 

May 30, 1817. 

On twists cloM to the bearing, cast horizontal. 

No. • Ibi. os. 

58 f in bars, twisted as under with • ^ 10 14 in the Kale. 

....1 *> 4 

Ml'dir.'... ion 


Average 9 15 

, ; Cast vertical. 

* 10 8 

10 13 

• « t 10 11 


'Afthtge 10 10 
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On difiwent metali. > ' 

Hit, ot* 

64 Cast steel IT 9 m tbc scala. 

65 35earsteel 1 

66 Blister steel 16 11 

6^ English iron, wrought • • • . 10 2 

60 Swedish iroil> wrought 9 8 

65 Hard gun-metal «... 5 0 

70 Fine yellow brass • . 4 11 

71 Copper, cast 4 5 

72 Tin. 1 7 

73 Lead ,1 0 

Oh ttciiU of diffident kngtht. 


Horizontal. 

No. Weight in scale. 

74 5 by i long 7 3 

75 * by I do 8 1 

76 5 by I inch do. 8 8 


Vertical 

No. Weight in Male* 

77 5 by § do 10 1 

78 5 by I do 8 9 

79 i by 1 inchdo 8 5 


Horizontal twists at 6 from the bearing. 

80 f by 6 inches long 10 9 

81 i by do. do 9 4 

82 5 by do. do 9 7 

Twists of 5 inch square bars, cast horizontally. 

No. qra. Ibi os. 

83 i close to the bearing 3 9 12 end of the bar hard. 

84 I do. 2 18 0 middle of the bar. 

85 I at 10 inches from bearing, lever in the > . ^ 

middle / ^ 

On twists of different materials^ 

These experiments were made close to the bearing, and the weights were 
accumulated in the scale until the substances were wrenched asunder. 

No. Weight in scale. No. Weight in scale. 

86 Cast steel 19 9 91 Hard gun-metal 5 0 

87 Shear steel 17 1 92 Fine yellow brass. ...... . 411 

88 Blister steel 16 11 93 Copper 4 5 

94 Tin ; 7 

95 Load 1 0 


89 English iron, No. 1 .... 10 2 

90 Swedish iron 9 8 


Hemarks, 

Here the strength of the vertical bars still predominates. 

The average of the two taken conjointly, and compared wifh a similar 
case of 5 inch bars, gives the ratio as the cubes, as was anticipated. 

In the horizontal castings of different lengths^ the balance 
is in favour of the increased len^hs ; but in the vertical cast- 
ings^ it is the reverse. In neither is there any apparent ratio. 
In the horizontal q^stinga at six inches from the l^e^ji^ag, 
there is a visible increase^ but not so great as when cl^ to 
the bearing, 

June 4, 1817. Miscellaneous experiments on the crush of one cubic inch. 




97 American pine 1^6 

98 White deal 1928 

99 EngUsh oak, mean of two trials 3860* 

ISO Ditto, of 5 indies long, slipped with 2572 


MA<^Itll8T. 233 

‘ 1 . • _ S 

m Sm^rcHlie; ctfftmr Indies tcn%*idlppi0A^iitti;.ii; •• 

1(K^ A tTT. 80S 

In following expodtnenfs bn stbn^ tiie pdliviire wns eornmnnlcstod 
thnnign nUn^ of pycamki, the bkse of wiiieh resM oh the hide 1eathelr»a;^ 
that on the stone.t The lever pressed upon the apex of the pyraodd. . Cn||pi> 
of one and A half inch. . . C • 

No.. 8pee.‘gify;ibt.afOlr. 

105 Chalk 1127 

lOO^ridc ofapaleredcolonr 2*085 . 

107 Roe-etone, GlonoesterShire 1449 

108 Red brkki mean of two trials 2*168 1817 

109 Yellow face baked Hammersmith pavioTB» 3 times. ..... 2254 

110.Btirnt do. mean of two trials 3243 

111 Stourbridge or fire brick . 3864 

112 D^by grity a red friable sand-sione 2*316 7070 

113 Ditto, from another qnarry ^....•. 2^428 9776 

114 Killdy white freestone, not stratified 2*423 10264 

115:Portland 2*428 10284 

116 Crdg Leith, white freestone 2*452 12346 


JuM 5 , 6 , and 7 , 1817 . 

117 Yoricsbire paving with the strata 2*507 1285o 

118 Ditto, do. against the strata 2*507 12856 

119 White statnary marble not veined . . . .•••«,. 2*760 13632 

120 Bramley Fall sandstone, near Leeds, ^th strata 2*506 13632 

121 Ditto, against the strata 2*506 13632 

122 Comisb granite V 2*662 14302 

123 Dundee sandstone or brescia, two kinds 2*530 14918 

124 A two-inch cube of Pordand 2*423 14918 

125 Craig Lrith with the strata 2*452 15560 

126 Devonshire red marble, varipgated •••• 16712 


128 Peterhead granite hard close grained . . . 18636 

129 Bktck compact limestone^ Limerick.. 2*598 19924 

130 Purbeck 2*599 20610 

131 Black Brabant marble 2*697 20742 

132 Very hard freestone 2A28 21254 

133 White ItaUan veined marble..-. 2*726 21783 

134 Aberdeen granite, blue kind. 2*625 24556 


N. B. The specific grarities were taken with a delicate balance, made by 
CrelgIdKm of Glasgow, all with the ezeepdon of two specimens, which were by 
accident omitted. 


Bemarks* 

.A' ' ' ” 

In obaeiMiiig the results presented by the preceding table, 
it will be seen that little dependence can be placed on the 

* Thi^Oiverl^nts on woods are considerably belowdhose of other writers , 
and It that the fonr-Inch speoimen should be stronger than the 

ahorteclength. According to Rondelet^s experiments, to crush a cubic inch of 
oak it ramired from 5000 to 6000 lbs. avoirdupoise 
of fir from 6000 to 7000 lbs. a 

la tbeJm^liie pieces were compressed one-tbird of tlieir length ; in the latter 
one-tiWi$iP^^]engdi (Rondelet’s £/Ari de JBdtir, tom. iv. p. 67.) Mr. Rennie 
has diminution of length. 

t |t would have been preferable to have placed a hard and ri^ 

fttlSitance next the stone, in order to secure equity of pressure. 

a 
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specific gravities of st<nM, so &r as remrda their liqn^ve' 
povrerB> although the innease is certaimy in hvmx M thdr 
specific gravities. But there would appear to be CCbm unde- 
fined law in the connection of bodies, with which the spedfic 
gravity has little to do. Thus, statuary marble has {^' ^dfic 
gravity above Aberdeen granite, yet a repulsive ^wer not 
much above half the latter. Agmn, hardness is not dtogether 
a characteristic of strength, inasmuch as the limestouesr wUch 
yield readily to the scratch, have nevertheless a repulsive 
power approaching to granite itself. 

it is a curious fact in the rupture of amorphous stores, 
that pyramids are formed, having for their base the upper 
side of the cube next the lever, the action of which dispuces 
the sides of the cubes, precisely as if a wedge had operated 
between them. 1 have preserved a number of the specimens, 
the sides of which, if continued, might cut the cubes in the 
direction of their diagonals. 

MxperimenU made on the trantvene strain of cast bars, the ends loose. 

June 8th, 1817>* 

Weight of the dist. of bearings, lbs. 
bars, lbs. oe. ft. in. uroir. 

135 Bar of 1 ineb square 12 6 3 0 897 


136 /Do. of 1 inch do 9 8 2 8 1086 

137 X * ^ ^ 

138 /Bar of 1 Inch square, through the diagonal 2 8 2 8 8^1 

139 1 Half the above bar .. »••• 1 4 1587 

140 J Bar of 2 inches deep, by i inch thick ..•••• 9 5 2 8 2185 

141 i Half the above bar 1 4 4508 


* A bar of cast-iron, from a Welsh foundry, which did not yield easily to 
the iUc, was laid upon supports exactly three feet apart ; the bar was an inch 
square, and when 308 pounds were put into a scale suspended from the i^iddle 
of its length, the deflexion was found to be 3-16ths of an inch; whence the 
height of the modulus of elasticity is 6,386,688 feet. The experiment was 
made by Mr. R. Ebbels, at Garnons, near Hereford. A joist of. cast-iron, nine 
inches deep, resembling in form the letter 1, was laid upon supports 19 feet 
apart, first on its edge, when the deflexion from its own weight was 3-46(hs of 
an inch. It was then laid flatwise, and the deflexion from its own weigfit was 
3§ inches. The eastings were from Messrs. Dowsons* foundry, Edgware-road. 
llie iron yielded easily to the file. The height of the modiUos of.elasUcity 
according to the experiment on the 

joist flatwise is 5,100,000 feet, . 

on the edge is 5,700,000 feet. 

The deflexion being very small when the joist was on its edge, pgrhi^ It was 
not measured with the necessaiy degree of accuracy, as a vei^ snu^ error 
w'Ould cause the differenoe in the result. The following tablet' cpwim the 
value of the modulus for cast-iron, according to Uie experiments ah^ stated. 

Height of modulus lYi feet. 

Cast-iron (Welsh) 6,386,688 

Cast-iron • • • • 3,500,000 

Cast-iron, grey Freqch • 5,095,480 

Cast-iron, soft do 4,247,000 

Cast-iron 5>700*,000 



Bymytrid. 
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Experiments on the transverse strain of bars, one end made fast, the weight 
being suspended at the other, at 2 feet 8 inches from the hearing. 

155 An inch square bar bore J 280 

15G A bar 2 inches deep by § an inch thick 530 

157 An inch bar, the ends made fast ] 173 

The paradoxical experiment of Emerson was tried, which states that ny 
cutting olF a portion of an equilateral triangle (see page 114 of Emerstni's 
Mechanics) the bar is stronger than before, that is, a part stronger than the 
whole. The ends were loose at two feet eight inches apart os before. T))c edge 
from vrhich the part was intercepted was lowermost, the weight was applied on 
the base above, it broke with 1 129 pounds, whereas in the other case it bore 
only 840 pounds. 

Remarks on the transverse strain. 

Banks makes Ins hnr from the cupola, when placed on bearings three feet 
asundci , and the ends loose, to bear ; 864 lbs. 

Now all my bars were cast from the cupola, the difference was therefore 33 lbs. 

1 adopted a space of two feet eight inches asunder, as being more convenient 
for my apparatus. The strength of the different bars, all cases being the same, 
approaches nearly to the theory, which makes the comparative valnes as the 
breadths multiplied into the squares of the depths. The halves of the bars 
were tried, merely to keep up the analogy. The bar of four inches deep, how- 
ever, faUs short of theory by 365 pounds. It is evident We cannot extend the 
system of deepening the bar much further, nor does the theoiy exactly maintain 
in the case of the equilateral triangle by 243 lbs. 

The diagonal position of the square bar, is actuallj worse than when laid on 
its side, contrary to many assertions. 

ThCsame qnatitity of metal in the foather-edged bar was not so strong as 
in tl^'ftmi^inch bar. 

The ^i-elliptlcal bar, exceeded the four-inch bar, although taken out of it. 
The paihbplic bar came near it. 

The made fast at both ends, I suspect must have yielded, although the 
ends were n^pde l^t by iron straps. The experiments from Emerson, on solids 
oi might be mane ; but the ome and trouble these experiments 

have, have compelled me to relinquish further pursuits for the 

present. If, however, in the absence of better, they are wortliy of the indul- 
g^ee df the Rbyirii S^iety, it will not only be a consolation to me that my , 

q2 
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labours merit their attention, but a further inducement to prosecute the 
investigation of useful facts, which, even in the present advanced- state of 
knowledge, will yet admit 6f addition. ' ’ 

llie. science of construction is yet in its in&ncyv and cer^ 
tainly requires many additions^ The first experiments on 
the strength of materials appear .to'have been made before 
the Royal Society ; and there can be no doubt that a favour** 
able reception will be ^Ven to any others that will tend to 
elucidate a subject which is likely to form one of the prin- 
cipal branches of an engineer’s education ; as he must either 
proceed on the principle of science^ or be directed by a 
feeling of fitness^ which is to be acquired only by devoting a 
lifetime to the practice of his art. 


HYDRAULIC ENGINES. 

This term is applicable to all machines driven by the force 
of water j consequently we have^ under the article Water** 
mills^” already treated of the most extensive branch of these 
machines. Those which have now to claim our attention^ 
are such as could not with propriety be introduced under 
that head^ and which arc, upon the whole, of too much im- 
portance, both with respect to the conveyance of water, and 
as accessions to mechanical combinations, to be entirely 
omitted. 

1. Of all the hydraulic machines invented by the ancients, 
though Archimedes’ screw is the most curious, the tympanum 
raises the greatest quantity of water at once. 

It consists of a great hollow wheel, composed of several planks joined 
together, and well calked and pitched, forming, as its name imports, a 
kind of barrel or drum, and having an horizontal axle on it 

turns. The interior is divided by eight partitions into as many equal 
spaces or cells, earii of which has an .orifice of about half a fpot in the rim 
of the drum or wheel, shaped so as to facilitate the admission ^e 
water: there are, moreover, eight hollow channels running contiguous 
to eadi other and parallel to the axle of the wheel, each eorresponduig to 
one of the eight large cells, through which the water passes flnmi tbe cells 
Just mentioned, atm after running along the channels to a^:cQ&veDient 
distance escapes through orifices into a reservoir placed just the 

axle of the wheel. Thus the water is elevated through a ver^^ space 
equal to the radius of ths hollow wheel. When the tympahum^used to 
raise water from a running stream, it is raov^ by meahs Iff fml-boar^ 
Spelled by the stream; but when employed to raise tmter, it 

receives motion firom a foot-wheel placed on the snme is, 

as we have ahreadydescribed un4er1^e article Fpof^mill,’’ ixtOM by n£en 
walking inside. The chief defect, dT fills machine Is, that it rais^ the wdier 
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in the most disadvantageous situation n^ible : for the load being found 
always towards the esiremity of a raaius of the wheel, the arm of the 
effective lever which answers to it, increases through the whole quadrant the 
water describes in passing from me bottom of die wheel to the altitude of 
its centre ; so that the power' must act in like manner as if it were applied 
at a win<^*jiandie, and, consequently, cannot act uniformly. 

2 . 3L 3 ? la Faye^ remedy this defect^ devised a ma- 
chine which may here be described^ together with the process 
of reasoning that led to it. 

When we develope the circumference of a cirde, a curve is described 
(i. e. the involute) of which all the radii are so manv tangents to the circle, 
and are likewise all respectively perpendicular td*the several points of the 
curve described, which has for its greatest radius a line equal to the 
peripheiy of the circle evolved. The truth of which is shown, by geometri- 
cians when treating of the genesis of evolute and involute curves. 

Hence, having an axle whose circumference a little exceeds the height 
which the water is pressed to be elevated, let the circumference of the 
axle be evolved, and make a curved canal whose curvature shall coincide 
throughout exactly with that of tlie involute just formed: if the further 
extremity of this canal be made to enter the water that is to be elevated, 
and the other extremity abut upon the shaft which is turned; then in the 
course of the rotation tne water will rise in a vertical direction, tangential 
to the shaft, and perpendicular to the canal in whatever position it may 
be. Thus the action of the weight answering always to the extremity of a 
horizontal radius will be as though it acted upon the invariable arm of a 
lever, and the power which raises the weiglit will be always the some : and 
if the radius of the wheel, of which this hollow canal serves as a bent spoke, 
is equal to the height that the water is to be raised, and consequently equal 
to the circumference of the axle or shaft, the power will be to the load of 
water reciprocally as the radius of a circle to its circumference, or directly 
as 1 to 6^ nearly. 

In M. de la Faye^$ opinion, the machine ought to be composed of four of 
these canals : but it h^s often been constructed with eight, as represented 
in fig. 210. The vrheel being turned by the impulsion of the stream upon 
the float-boards, the orifices F, £, D, C, &c. of the curvilinear canals, dip one 
after another into the water which runs into them ; and as the wheel revolves 
the fluid rises in the canals, f, e, d, c, &c. and runs out in a stream F from 
the holes at O; it is received into the trough Q, and conveyed from thence 
by pipes. 

By this construction the weight to be raised offers always 
the same resistance^ and that the least possible, while the 
power is applied in the most advantageous manner the cir* 
cumstances will admit of : these conditions both fulfilled at 
the same time furnish the most de8iral)j|e perfection in a 
machine. Further, this machine raises the water by the 
shortest way, namely, the peipendicular, or vertical ; in this 
respect being preferable to Archimed^* screw, where the 
water is carried up an inclined path: and besides this, each 
curved channel in tnis wheel empties all the water it receives 
in every revolution, while the screw of Archimedes delivers 
only a small portion of the fluid it is charged with, being 
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often loadedwith twenty times as much water as is disehaigM 
in one rotation } and thus requiring aii enormous increase of 
labour when a large quantity is intended to be raised by it.. 

The nature and advantages of this wheel evince very fyvcir 
bly how far the speculations of geometers are from being so 
unfruitful in useiul applications^ as Jis often insinuated hy 
practical men. 

3. The wheel just described would^ we thinks be the most 
perfect of any that could be employed for raising waler^ h^; 
It not the disadvantage attending the tympanum^ which is, 
that it can only raise water to the height of its semidiameter. 
As in many cases water is to be raised higher than the radius 
of any wheel can well be made for practice^ we shall next 
descnbe a machine called the Noria, common in Spain^ 
which raises water nearly through a diameter. 

This Noria consists of a vertical wheel of 20 feet diameter, On the 
circumference of which are fixed a number of little boxes or square buckets, 
for the purpose of raising the water out o^ the well, communicating with 

canal below, and to empty it in a reservoir above, placed by the side 
of the wheel. The buckets have a lateral orifice, to receive' and to dis- 
charge the water. Tlie axis of this wheel is embraced by four small 
beams, crossing each other at right angles, tapering at the extremities, 
and forming ei^ht little arms. Tins wheel is near the centre of the 
horse-walk, contiguous to the vertical axis, into the top of which the horse- 
beam is fixed ; but near the bottom it is embraced by four little beams, 
forming eight arms similar to those, above described, on the axis of the 
water-wheel. As the mule which they use goes round, these horizontal 
arms, supplying the place of cogs, take hold, each in succession, of those 
arms which are Axed on the axis of the water-wheel, and keep it in 
rotation. 

This machine, than which nothing can be cheaper, throws 
up a great quai ity of water; yet undoubtedly it has two 
defects : the first is, that part of the water runs out of the 
buckets and falls back into the well after it has been raised 
nearly to the level of the reservoir : the second is, that a 
considerable proportion of the water to be discharged is 
raised higher than the reservoir, and falls into it only at the 
momert when the bucket is at the highest point of the 
circh, and ready to descend. These inconveniences ape both 
remedied by the conlrivanpe mentioned in the next paragraph. 

4. The Persiait wheel is a name given to a machine for 
raising water, which may be turned by means of a stream 
A B acting upon the wheel C DE according to the order of 
the letters; (fig. 210.) 

The buckets a, a, a, a. &.c. instead of being firmly fastened, are hmg upon the 
wheel by strong pins, 6, 6, by by &c. fixed in the side of the rim ; vmiefi hiust 
be made as high as the water is intended to be raised above the letref 6f that 
part of the stream in which the vdieel is placed. As the wheel turns, die 
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littcketo On the right hand go down into the water, where they are filled, 
and retom up full on the left hand, till they come to the top at K ; where 
they strike against the end n of the fixed trov^ M, hf wldi^ th^y are 
overset, and so empty the water into the trough; fi^ whenOe it is to 
conveyed in pipes to any place it is intended for : and as each bucket gets 
over the trough, it falls into perpendicular position again, and so goes 
down empty till it comes to t... water at A, where it is filled as before. On 
each bucket is a spring, r, which going over the top or crown of the bar m 
(fixed to the trou^ M) raises thel}ottom of the bucket above the level of 
its mouth, and so causes it to empty all its water into the trough. 

To determine the due relation of the power and the weight so that this 
wheel may be capable of producing the greatest effect, the following may 
be taken as a good approximation. After having fixed tlie diameter of the 
wheel, which' must be something greater than the altitude to which the 
water is to be raised ; fix also upon an even number of buckets to be hung 
at equal distances round the periphery of the wheel, and mark the position 
of their centres of motion in such a manner that they will stand in corres- 
ponding positions in every quarter of the circle : conceive vertical lines 
drawn through the centre of motion of each bucket in the rising part of the 
wheel; they will intersect the horizontal diameter of the wheel in points at 
which, if the buckets were hung, they would furnish the same iesisl|U^ to 
the moving force as tliey do when hanging at their respective place Sl fc.Ae 
rim of the wheel. Thus, supposing there were IB equidistant wBiM; 
tlien while eight hung on each side a verticiil diametei of the wheel^ere 
would be eight on the other side, and two would coincide with that diameter: 
in this case the resistance arising from all the full buckets would be the same 
as if one bucket hung on the prolongation of the horizontal diameter at the 
distance of 2 sin. 20® f- 2 sin. 40** + 2 sin. 60® + 2 sin. 80®, these being 
the sines to the common radius of the wheel. 

To know the quantity of water that each bucket should contain, take f of 
the absolute force of the stream, that is, i of the weight of the prism of 
water whose base is the surface of one of the float-boards, and whose 
height is that thiough which water mu|t fall to acquire the velocity of the 
stream ; so have we the power that should be in equilibrio with the weight 
of water in the buckets of the rising semicircle. Then say, as the sum of 
the sines mentioned above is to radius, so is the power just found to a 
fourth term, the half of which will be the weight of water that ought to be 
contained in one bucket. Lastly, as the velocity of the wheel will be to 
that of the stream nearly as 1 to 2|, the quantity of revolutions it makes in 
any determinate time becomes known, and, by consequence, the quantity 
of water the wheel will raise in the same time ; since we know the capacity 
of each bucket, and the number of them emptied in every revolution of the 
wheel. 

5. Another contrivance for raising water similar to the 
chain-pump, which is described in another part of the work, 
is an endless rope with stuffed cushions hung upon it, which, 
by means of two wheels or drums, are caused to rise in 
succession in the same barrel^ and to carry water with them. 
From the resemblanee of this apparatus to a string of beads, 
it is usually cdlleni patemosier^ivork. But in this, as well as 
the chain-pum^, the magnitude of the friction is a formidable 
practical objection. 

6. Jets and fountains are not now considered as conducive 
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to picturesque beauty ; nor can they be reckoned of much 
utilitVj except perhaps in hot climates; we have not there- 
fore described any in this work. But in the fountain of Hiero 
of Syracuse^ a principle is introduced which has been found 
of great utility in larger works; for the head of water is 
actually lower than the orifice, but the pressure is communi- 
cated by the intervention of a column of air : the construction 
of this fountain is as follows: 

It consists of two vessels K L M N (%. 212) and O P Q which are close 
on all sides. A tube A B, having a funnel at the top, passes through the 
uppermost vessel without communicating with it, being soldered into its top 
and bottom. It also passes through the to^f the under vessel, where it is 
likewise soldered, and reaches almost to its bottom. This tube is open at 
both ends. Hiere is another open tube S T, which is soldered into the top 
of the under vessel and the bottom of the upper vessel, and reaches almost 
to its top. These two tubes serve also to support the upper vessel. A 
third tube G F is soldered into the top of the upper vessel, and reaches 
almost to its bottom. This tube is open at both ends, but the orifice G is 
vei^siskall. Now suppose the uppermost vessel filled with water to the 
N, £ e being its surface a little below T. Stop the orifice G with 
thadB^r, and pour in water at A. This will descend through AB, and 
compress the air in OPQR into less room. Suppose the water in the 
under vessel to have acquired the surface C c, the air which formerly 
occupied the whole of the spaces OPQH and K LcE will now be con- 
tain^ in the spaces o P c C and K L c £ ; and its elasticity will be in 
equilibrio with tlie weight of the column of water, whose base is the surface 
£ €, and whose height is A c. As this pressure is exerted in every part of 
the air, it will be exerted on the surface £e of the water of the upper 
vessel ; and if the pipe F G were continued upwards, the water would be 
supported in it to a height e H above £ e, equal to A c. Therefore, if the 
finger be now taken from off the orii^ce G, the fluid will spout up through 
it to the same height as if it had fallen through a tube whose altitude is 
e H. So long as there is any water in the vessel KL N M there will be a 
discharge through the orifice : therefore the play of the fountain will con- 
tinue whilst the water contained in the upper vessel, having spouted out, 
falls down through the pipe A B : the height of the water measured from 
the basin V A W to the surface of the water in the lower vessel O P Q U 
is always equal to the height measured from the top of the jet to the 
surface of the water in the vessel K L M N. Now, since the surface £ e 
is always falling, and the water in the lower vessel always rising, the 
height of the jet must continually decrease, till it is shorter by the depth 
of KLMN, which is empty, added to the depth of OPQR, which is 
always filling ; and vrhen the jet is fallen so low, it immediately ceases to 
play. 

7. A machine de&igiied to raise water to a great height for 
the irrigation of land, in such sitnations as have the advaattige 
of a small fall, is described in Dr. D^win’s Phytologia: as 
it depends on the principle of Hiero’s fountain, it may pro- 
perly be inserted here. 

Fig. 211, a, is the stream of water. 

bf Cy c, represents tlie water-fall, supposed to be 10 feet. 
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€, arB two leaden or iron Tesielf^ oontaimiig a certain quantity of 
water, wki^ mky ie computed to be about four ffCUons eaeh« 

figi Kh are leaden vessels, each holding' about two*quart 8 . 

otps twoilioeks, each of which passes through two pipes, opening the one 
and closing the other. 

r, is a. toater^lancej that moves on its centre #, and by which the 
two .cocks o and p are alterhately turned. 

ty Uy and Wy Sy are two air-pipes of lead, boUy|||nnally inch in ' 
diameter. 

Pf XI p xi p, z; are water-pipes, each being one inch in diameter. 

The pipe by e, c, is always full from the stream a, b : the small cisterns 
g, iy ly and the large one d, are supposed to have been previously filled wil^ 
water. The fluid may then be admitted by turning the cock o, through the 
pipe 0 , e, into the large cistern This water will press the air confined in 
the cistern c up the air-pipe Wy Xy and will force the fluid out of the cisterns 
gyiy ly into thosc markedrA, A, and C. — ^Atthe same time, by opening B, the 
water and condensed air, which previously existed in the' large cistern dy 
and in the smaller ones marked /, A, A, will be discharged at B. After a 
short time, the water-balance, 7 , r, #, will turn the cocks, and exclude the 
water, while it opens the opposite ones v the cisterns f. A, A, are emptied in 
their turns by the condensed air from the cistern d, as tne water progressively 
enters the latter from the pipe A, c. 

8. A ver^ ingenious application of the same principle has 
been made in the celebrated. Hungarian machine^ at Chemnitz. 
The beat account wc have been able to obtain of this is the 
following : 

In fig. 213, A represents the source of water elevated 136 feet above the 
mouth of the pit. From this there runs down a pipe D of four inches 
diameter, which enters the top of a copper cylinder B, 8 f feet high, 5 feet dia^ 
meter, and 2 inches thick, and^ reaches to within 4 inches of the bottom : 
it has a cock at I. 

This cylinder has a cock at Q, and a very large one at N. From its 
top proceeds a pipe V£C, two inches in diameter, which goes 96 feet 
down the pit, and if inserted into the top of another brass 'cylinder C, which 
is 6 A feet high, four feet diameter, and two inches thick: the latter contain- 
ing about 83 cubic feet, whidi is neatly one half of the capacity of the 
former, viz. 170 cubic feet. There is another pipe FO of four inches dia- 
meter, which rises from within four inches of the bottom of this lower 
cylinder, is soldered into its top, and rises to the trough.Z whidi carries off 
the water from the mouth of the pit. This lower cylinder communicates at 
the bottom with the water O, which collects in the drains of the mines. A 
large cock P serves to exclude or admit this water t another cock M at the 
top of this cylinder communicates with the external air. 

Mow, suppose the cock 1 shut, and all the rest open :«the upper cylinder 
will contain air, and the lower cylinder will be filled with water, because it 
is sunk so deep that its top is below the usual surfece of the mine-waters. 
Shut the cocks Q, N, hL P, and open the cock I. The water of the source 
Aitrast'run in by the onfice J, and rise in the upper cylinder, compressing 
the air above k and along the pipe V £ C, and thus acting on the surfece 
of the water in the lower cylinder. It will therefore cause it to rise gradually 
An' the pipa O F, inhere it will always be of such a height that its weight 
balances me elasticity of the compressed air. Suppose no issue given to 
the afr from the upper cylinder, it wodd be compressed into one-fifth of its. 
bulk by the column of 136 feet high; for a column of 34 feet nearly 
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bateiiiM Hie onriilMry elaeticity of Hie|air. Therefore, nrheo tfieipa ii 
issue given to il llitcmgh the pipe V £C, it vriU drive the compres^ siir ' 
along this pipe^ and U will expel wdter from the lower cylinder* When 
the lipmr ctylinder is foil of water, there will be 34 cubic fee# of vrater 
expelled from the lower cylinder. If the pipe O P had been more than 
136 feet long, the water would have risen 136 feet, being then in equilibrio 
with the water in the feeding pipe D by the intervention of the elastic air f, 
but no more water vnMM have been expelled from the lower cylinder than 
what fills this pipe, wtn the pipe being ohly 96 feet high, the water will 
be thrown out at Z with a considerable velocity. If it were not for the 
great obstructions which water and air must meet with in their passage 
along pipes, it would issue at Z with a velocity of more than 50 feet per 
second. It issues however much more slowly, and at last the upper 
cylinder is full of water, and the water would enter the pipe V £ and enter 
the lower cylinder, and, without displacing the air in it, would rise through 
the discharging pipe O P, and run off to waste. To prevent this there 
hangs in the pipe V £ a cork ball or double cone, by a brass wire which 
is guided by holes in two cross pieces in that pipe. When the upper 
cylinder is filled with water, this cork plugs up the orifice V, and no water 
is wasted ; the influx at J now stops. But the lower cylinder contains com- 
pressed air, which would balance water in a discharging pipe 136 feet high, 
whereas O P is only 96. Therefore the water will continue to flow at Z till 
the air has so fiir expanded as to balance only 96 feet of water, that is, till 
it occupies one-half oi its ordinary bulk; that is, one-fourth of the capacity 
of the upper cylinder, or 42§ cubic feet. Therefore 42§ cubic feet will be 
expelled, and the efflux at Z will cease ; and the lower cylinder is about 
one-half full of water. When the attending workman observes this, 
he shuts the cock I. He might have done this before, had he known 
when the orifice V was stopped ; but no loss ensues from the delay. At 
the same time the attendant opens the cock N the water issues with great 
violence, being pressed by the condensed air from the lower cylinder. It 
therefore issues with the sum of its own weight and of this compression. 
These gradually decrease together, by the efflux of the water and the expan- 
sion of the air; but this efflux stops ^fore all the water has flowed out; for 
there is 42| feet of the lower cylinder occupied by air. Tliis quantity of 
.water remains, therefore, in the upper cylinder nearly ; the workman knows 
this, because the discharged water is received first of all into a vessel con- 
taining three-fourths of the capacity of the upper cylinder. Whenever this 
is filled, the attendant opens the cock P by a long rod which goes ilown 
the shaft ; this allows the water of the mine to fill the lower cylinder, and 
the air to get into the upper cylinder, which permits the remaining water to 
run out of it. Thus every thing is brought into its first condition ; and 
when the attendant sees no more water come out at N, he shuts the cocks 
N and M, and opens the cock 1^ and the operation is repeated. 

There is a very surprising appearance in the working of this engine. 
When the efflux at Z has stopped, if the cock Q be opened, the water and 
air rush out together with prodigious violence, and tlie drops 'of water are 
changed into huil or lumps of ice. It is a sight usually shown to strangers, 
who are desired to hold their hats to receive tihe >I)|8to of air : the ice comes 
out with such violence as frequently to pierce Hie hat like a pistol bullet. 
This rapid congelation is a remarkable instance of the general fact, that air 
by suddenly expanding generates cold, its capacity for heat being increased. 

The above account of the procedure in wevking this engine shows that 
.the efflux lM>th at Z and N becomes very slow near the end. It is found 
convenient tiierefore not to wait for Uie complete diseharges^ but to turn 
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30 cubic ^ hi vMfa hSTS becD duduNlNi 
more isofk is done in this way. A gentleman of ereat aeeuiac^ um know* 
ledge of these subjects took the trouble of noticiim paiticuJarW the per- 
fonnanck 6t the machine. He observed that eadh stroke, as it may be 
Cslfled, took up about three minutes and one-eighih; and that 32 ciiUc.feet 
qf Uraier were discharged at Z, and 66 were expended at N. The expense 
merefbre is 66 feet of water falling 136 feet, and the performance is 
32 raised 96, and they are ih the ^portion of 66 x 136 to 32 x 96, or of 
1 to 0,3422, or nearly as 3 to 1. ^is is superior td^he performance of the 
most perfect undershot mill, even when alldriction and irregular obstructions 
Afe neglected ; and is not much inferior to any overshot pump-mill that 
has yet been erected. When we reflect on the great obstructions which 
prater meets with in its passage through long pipes, we may be assured, 
that, by doubling the size of the feeder and discharger, the performance of 
the machine will be greatly improved ; we do not hesitate to say, that it 
would be increased one-third : it is true that it will expend more water ; 
but this will not be nearly in the same poportion, for most of the deficiency 
of the machine arises from the needless velocity of the first efflux at Z. 
The discharging pipe ought to be 110 feet high, and not give sensibly less 
water. Then it must be considered how inferior in original expense this 
simple machine must be to a mill of any kind which would raise 10 cubic 
fe& 96 feet high in a minute; and how small the repairs on it need be, 
when compared with a mill. And, lastly, let it be noticed, that such a 
machine can be used where no ihill whatever can be put in motion. A 
small stream of water, which v/ould not move any kind of wheel, will here 
raise one-third of its own quantity to the same heiglit, working as fast as it 
is supplied. 

For these reasons, the Hungarian machine eminently 
deserves the attention of mathematicians and engineers, to 
bring it to its utmost perfection, and into general use. 
There are situations where this kind of machine may be very 
useful. Thus, where the, tide rises 17 feet, it may be used 
for compressing air to seven-eighths of its bulk ; and a pipe 
leading from a very large vessel inverted in it may be used 
for raising the water from a vessel of one-eighth of its 
capacity 1/ feet high ; or if this vessel has only one-tenth of 
the capacity of the large one set in the tide-way, two pipes 
may be led from it, one into the small vessel, and the other 
into an equal vessel 16 feet higher, which receives the water 
from the first. Thus one-sixteenth of the water may be raised 
;34 fe^t, and a smaller quantity to a still greater height^ and 
ibis with a kind of power that can hardly be aj^plied any 
other way. Machines of this kind are described by Schottus, 
Sturmius/ Leupoldi and other old writers; and they should 
n6t be forgotten, because opportunities may offer of making 
them higldy beneficial. 

9. Mr. John Whitley Boswell has devised an wp^ratus 
which when attached to such a machine as that at Chemnitz 
will, enable it to work itself without attendance. The 
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deiM:ription of this will be presented to the reader in Bir Bo^ 
well*s own words. 

Fig. 213 . A is the reservoir, or upper level ^ water. 

B, a chamber made of sufficient strength to bear the internal pressure 
of a column of water the height df A above it, multiplied by its own hawe. 

C, a chamber of the same strength as B, but of a smaller sii , it is placed 
at the bottom of die pit from which the water is to be raised, and i ler the . 
level of the water. . 

These chambers would be stronger with the same materials, if of a 
globular or cylindrical form ; but the square shape is used in the drawing 
merely for the facility of representing the position of the parts. 

1), a pipe from the reservoir A which passes through the top of B and 
ends near its bottom, to convey water from A to B. 

£, a pipe from the top of B to the top of C, to convey air from B to C. 

F, a pipe from the bottom of C to the level of the ground at the top of 
the pit, to carry off the water from the {dt. 

G, a pipe from the bottom of B to carry off the water drom it. 

li, a vessel to contain tho water used in working the cocks; it is 
only placed on the top of B to save the construction of a stand on purpose 
for it. 

I, a cock, or movable valve, (worked by the lever there represented,) Sn 
the large pipe D. 

K, a stop-cock in the small pipe whidi conveys water from D to H. Its 
use is to make the engine work faster or sl^^wr-^ by letting water more or 
less quick into H ; or to stop it altogether from working.when required. 

L, a movable valve, or cock in the small pipe L K. The lever which 
works it is connected by a strong wire with the lever which ‘ works I, 
and is balanced by a weight at its opposite extremity, sufficient to open 
both these cocks and shut N, when not prevented by a counter weight. > 

N, a cock in the pipe G to open and shut it as wanted. 

Of a self-moving valve in the pipe F, which permits the water to pass 
upwards, but prevents its return. 

F, a self-moving valve at the bottom of C, which permits the water to 
pass into C, but prevents any from passufg out of it; it is furnished with a 
grating, to prevent dirt getting in. 

R, a vessel suspended from the levers of 1 and L, capable of containing 
a weight of water sufficient to shut them, 

S, a vessel suspended from the lever of N ; it must contain water enough 
by its weight to open N : it is connected by a chain to R, to keep it down 
as long as N is open. 

T, a syphon passing from tlie bottom " H, near its upper edge, and 

down again to the mouth of R. ^ 

V, a self-moving valve of a sufficient levuy to rist, when the wate? in B 
comes up to it, and close the pipe £ ; into which no water would else pass 
Arom B, A bail-cock, such as used in common water cisterns, woulq db* 
here. 

X, a syphon from the bottom of R rising within an inch of its top, and 

passing down ^ain to the mouth of S. ^ 

Y, fL small pipe at the bottom of S ; this may have a stop-cock to regulate ' 
it, which, when stopped, will also stop the engine. 

The mode of this engine’s working is as follows: suppose the vessels 
V,H,R, and S empty of water, and the 6ocks it and Y open, and the 
vessel C full of water. The weight on the lever of L will tnen open tim 
cocks L and I, on which the water from A will dow into B and As 
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tiie watet,^^ h& it will l9iee.tlie ait tinoagh £ into which sitohgly 
pressing on the water in will force it up thioueh the pipe F, till the 
water in B rises to the level of V and closes it, at which time H vrill be full 
of water, (the quantity flowng in being so related by the cock K,) and 
the water wilLfiow fiom it Srougfa the ^hon T into the vessel R, which 
as it fills shuts the cock I and L, and prevehta any more water coming into 
Br and H. When R is full, the water flows through its syphon X, which 
fills and by it oens N, which empties B of water, and keeps N open as 
long as there is any water in H. • 

When H is empty, B will be so too, (being so regulated by the cock K,) 
on which, in a moment or two, R and S will also be empty, which will 
cause the cocks I and L to op^, and all things will be again in the state 
first supposed, for a repetition of the operations described. 

To stop the engine, the cocks at K and Y should be shut, while S is full 
of water. Tc set it working, they should be open; and this is all the 
attendance it will require. A& no one but an engineer should attempt .to 
construct such an engine as this, it was useless to represent die manner of 
connecting the pipe^y fiaches or otherwise, or the proper methods of 
fastening and closing the parts, whidi are all well known to such as have 
made this ^ their study. 

In No. 5, of the New Series of Nicholson's Journal, Mr. 
fioswell has made some further improvements in the applica- 
tion of the Hungarian machine. 

10. The spiral pump is v very curious hydraulic engine, 
which operates on nearly the same principle as the Hungarian 
machine. The first engine of this kind, of which we have 
seen any account, was invented and erected by H. Andreas 
Wirtz, a tinplate- worker of Zurich, at a dye-house in Limmat, 
in the vicinity cf that city. It consists of a hollow cylinder, 
like a very large grindstone, turning on a horizontal axis, and 
partly plunged in a cistern of water. The axis is hollow at 
one end, and communicates with a vertical pipe. This cylin- 
der or drum is formed into a spiral Canal, by a plate coiled 
within it like the main spring of a watch in its box; only 

e spires at a distance from each other, so as to form a 
conduit for the water of ur^form width. This spiral partition 
is well joined to the two ends oi the cylinder, and no water 
escapes between them. The outermost turn of the spiral 
begins to widen about three-fourths of a circumferenct from 
the, end, and this gradual enlargement continues nearly a 
semicirde, this part being called the horn : it then widens 
suddenly, forming a scoop or shovel. The cylinder U so 
tui^ported that this shovel may, in the course of a rotation, 
dip several inches i^to riie water. As the cylinder turas 
upon its axis, the scoop dips and takes up a certdn quantity 
of water before it em^|;es agdn. This quantity is sufl^ient 
to fill the horn ; and tins again is neiurly equal in capacity to 
the outermost uqifoim spim round. 
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After the scoop is emevgeci, the water passes along, the 
spiral by the motion of it round the axis^ and drives tbe tAr 
before it into the rising pipe^ where it es^pes* In the m^an 
time^ air comes into the mouth scoop ; ani^ when Ae 

scoop again dips into the water^ it again takes in some of 
riiat fluid. Thus there becomes a filled with water, and 
a part filled wUh air. Continuing this motion, a second round 
of water will be received, and another of air. The water in 
any turn of the spiral will have its two ends on a level; and, 
^ air between the successive columns of water will he |n its 
natural state ; for since the passage into the rising {>ipe or 
main is open, there is nothing to force the water ana tdr into 
any other position. But since the spires gradually diminish 
in their length, it is plain that the column of water will 
gradually occuj^y more and more of the circumference of 
each. At last it will occupy a complete turn of some spire 
that is near the centre ; and when sent further in by the 
continuance of the motion, some of it will run back over the 
top of the succeeding spire. Thus it will run over into the 
right-hand side of the third spire, and consequently will 
push the water of this spire backwards, and raise its other 
end, so that it will likewise run over backwards before the 
next rotation be completed. '' At length this change of dis-^ 
position will reach the outermost spire, and some water will 
run over into the horn and scoop, and finally into the cisteni. 

But as soon as water gets into the rising pipe, and rises a 
little into it, it stops the escape of the air when the next 
scoop of water is taken in. Hence there are then two columns 
of water acting against each other by hydrostatic pressure, 
and the intervening column of air: they must compress the 
air between them, and tUle water and air columns will now 
be unequal: this will have a general tendency to keep tbe 
whole water back, and cause it to be higher on the left or 
rising side of each spire than on the right or descending 
side : the excess of height being just such as produces the com* 
pression of the air between that and the preceding column 
of water. This will go on increasing as the water mounts 
in the rising pipe; for the air next to the rising pipe is eonl- 
pressed at its inner end with the weight bf the whole column 
m the main: and it must be as mii^ compressed at ill 
outer end, which must be done byft^e^t^ column without 
it; and mis column exerts this pressuim partly by reason 
ttat xtH outer end is higher than its te^r end; and partly by 
transmission, of ^ me pressure on its outer end by 
which is sinuiarly compressed fvota without. Thus it Wffl 
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happen ibal each column of water being higher at its out^ 
than at its inner end, compresses the air on the water 
column beyond or within it^ which transmits this pressure to 
the air beyond it, adding to it the pressure arising from ita 
own want of level at the ends. Consequently, the greatest 
conun'ession, viz. that of the air next the main, is produced 
by e mm of all the transmitted pressures; and these are 
the sum of all the differences between the elevations of the 
inner ends of the water columns above their outer ends : and 
the height to which the water will rise in the main will be 
just equal to this sum. 

Suppose the lefl-hand spaces of each spire to be filled with water, and 
the rignt-liand spaces filled with air, as is shown, in regard to one spire, 
in fig. 214. There is a certain gradation of compression whidi will keep 
things in this position : for the spaces manifestly decrease in arithmetical 
progression ; and so do the hydrostatic heights and pressures : if, therefore, 
the air be dense in the same progression all will be in hydrostatical equili- 
brium. Now this may obviously be produced by the mere motion of the 
machine; for since the density and compression in each air column is 
supposed inversely as the m<^gnitude of the column, the quantity of air is 
the same in all ; therefore the column first taken in will pass gradually 
inwards, and the increasing compression will cause it to occupy precisely 
the whole right-hand of every spire. The gradual diminution of the water 
columns will be produced, during tlii|Kiotion, the water running over 
backwards at the top from s{)ire to spl^' and ultimately coming out by the 
scoop. Since the hydrostatic height of each water column is now the 
greatest possible, viz. the diameter of the spire, it is evident that tliis dis- 
position of the air and water will raise the water to the greatest height. 
Ibis disposition may be obtained thus : let C B be a vertical radius of the 
wheel, C being the centre, and B the highest point [the figure may easily be 
drawn] upon C B, take C L to C B, as the density of the external air to its 
density in the fast column next the rising pipe or main ; that is, make C L 
to C B as 34 feet (the height of the column of water which balances the 
pressure of the atmosphere) to the sum o^ 34 feet, and the height of the 
rising pipe : then divide B L into such a number of turns that the sum of 
their equal diameters shall be equal to the height of the main ; lastly, bring 
a pipe straight from L to the centre C. Such is the construction of the 
spiral pump, as originally invented by Wirtz : it certainly indicates very 
considerable mechanical knowledge and sagacity. 

But when the main is very high this construction vnll require either an 
enormous diameter of the drum, or many turns of a very narrow pipe. In 
such cases it will be much better to make the spiral in tlie form of a cork- 
screw, than of this fiat form like a watch-spring. The pipe which forms 
the spiral may be wrapped round the frustrum of a cone, whose greatest 
diameter is to the least (which is next to the rising pipe^ in the proportion 
just assigned to C B. C L. By this construction the water will so 
stand in every round as' to have its upper and lower surfaces tangents to 
the top and bottom of the spiral, and the water columns will occupy the 
vhole ascending side of the machine while the air occupies the descending 
s^e. This form is for preferable to the fiat form : it will allow us to 
employ many turns of a large pipe, and therefore produce a great devation 
of a large quantity of water. 
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JThe iiame thing will be stiU better accomplished by wrapping tlie pipe on 
a cylinder, and making it gradually tapering to the end, in such a manner 
that the contents , of each spire may ie the same as when it is wrapped 
round the cone. It will raise the water to a greater height (though certainly 
with an increase bf the impelling power) -by the same number of spires, 
because the vertical or pressing height of each column is greater. 

In the preceding description of this machine, that construction hasbeen 
chosen which made its principle and manner of working most evinent, 
namely, that which contained the same material quantity of air in each 
turn of the spiral, more and more compressed as it approaches to the rising 
pipe. But mis is not the best construction : for we see that in order to raise 
water to the height of a column of 34 feet, the air in the last spire is -com- 
pressed into half its space ; and the quantity of water delivered into the 
main at each turn is but half what was received into the first spire, the rest 
flowing back from spire to spire, and being discharged at the spout. 

But the construction may be such that the quantity of water in each 
spire may be the same that was received into the first ; by which means a 
greater quantity (double in the instance now given) will be delivered into 
the main, and raised to the same altitude by very nearly the same force. 
This may be done by another proportion of the capacity of the spires; 
either by a change of their calibre, or of the diameters of the solid on which 
they are folded. Suppose the bore to be uniform throughout, the diameters 
must so vary that the constant column of water and the column of air, com- 
pressed to the proper degree, may occupy the whole circumference. Let 
A be the column oir water which balances the pressure, and H the height to 
which the water is to be raised. Let A be to A + H as 1 to »i. Th^ it 
is plain that m will represent thejl|teity of the air in the last spire, if its 
natural density be 1, because it is pPBed by the column A + H while the 
common air is pressed by A. Let 1 represent the constant water column, 
and consequently it will be nearly equal to the air column in the flrst spire : 

then the whole circumference of the last spire must be 1 + — , in order to 

m 

^ 1 A 

hold the water 1, and to compress the air into the space — or ^ — .. Xho 
circumference of the first spire is 1 + 1 or 2 : and if D and d be the dia- 
meters of the first and last spires, we have 2:1 + — ::D:cf, or2m:m 

*«* 1 : : D : d. If, therefore, a pipe of uniform bore be wrapped round a 
conic frustrum, of which D and d are the end diameters, the spirals will be 
very nearly such as will answer the purpose. It will not be quite exact, 
for the intermediate spirals will be rather too large : the conoidal frustrum 
should in strictness be formed by the revolution of a logarithmic curve. 
With such a spiral the full quantity of water which was confined in the 
first ^ire will find room in the last, and will be sent into the main at every 
rotation. This is a vexy great advantage, especially when the water is to be 
much r^ed. The saving of power by this change of construction is always 
pr^ortional.to the greatest conmression of the air. 

The chief difficulty in any of these forms fo M^^determining the form 
and position of the hom and the scoop ; yet on tms the performance of the 
machine greatly depends. The following instructipfis will render this 
tolerably easy. Let AB£0(fig. 214) represent the fittt or outermost spire, 
of which the axis is G. Suppose the machine immerged up to the axis in 
the water whose surface is V V : it has been seen that it is most eflective 
when the surfaces R B and On of the water columns are distant from each 





AW MACHINI&T, 


341 

olliir the diameter B O of the spire. Let Uierefore the pipe be drst 
roneeived of e^ual calibre to the very mouth £ e, which we suppose to be 
just about to dip into the water: the surface On is kept there in opposition 
to the pressure of the water column B AO, by the compressed air contained 
in the quadrant O £, and in the quadrant which lies behind £ B : and this 
compression is supported by the columns behind, between this spire and the 
rising pipn* But the air in the outermost quadrant £ B is in its natural 
stqte, because it as yet communicates with the external air. When, how- 
ever, the mouth £ e has come round to A, it will not have the water 
standing in it in the same manner, leaving the half space BEG filled with 
compressed air; for it took in and confined only what filled the quadrant 
B £. It is obvious, therefore, that the quadrant B £ must be so shaped 
as to take in and confine a much greater quantity of air ; so that when it 
has come to A, the space B E O may contain air sufficiently dense to sup- 
port the column A O. But this is not enough : for when the wide mouth 
now at A a' rises \\p to the top, the surface of the water in it, rises also, 
because the part A O o it' is more capacious than the part of uniform boro 
0£ eo that succeeds it, and that cannot contain adl the water which it 
previously held. Since then the water in tlie spire rises above A, it will 
press the water back from O Ji to some other position m' n', and the pressing 
height of the water column will be diminished by this rising on the other 
side of O. Hence it will appear that the horn must begin to widen,* not 
from B, but from A, and must occupy the whole semicircle ABE; while 
its capacity must be to the capacity of the opposite side of uniform bore as 
the sum of B O and the ]j^eignt of a column of water which balances the 
atmosphere to the height of that column : for then the air which filled it 
when of the common density will fill the uniform side B £ O, when com- 
pressed so as to balance the vertical column B O. But even this is not 
sufficient: for it has not taken water enough. When it dipped into the 
cistern at £ it carried air down with it, and the pressure of the water in the 
cistern caused that fiuid to rise into it a little way ; and some water must 
have come over at B from the other side, which was drawing narrower. 
When, therefore, the horn is in the position £OA it is not full of water: 
consequently, wiien it comes into the situation O A B it cannot be full, nor 
can it balance the air on the opposite side. Hence some will come out 
at O, and rise up through the water. The horn must therefore extend at 
least from O to B, or occupy half the circumference ; and it must contain at 
least twice as much water as would fill the side B £ O. Nay, if it be 
much larger, there may be no disadvantage ; because the surplus of air 
which it takes in at E will be discharged as the end £ s of the horn rises 
Sxom O to B, and it will leave the precise quantity that is wanted. The 
overplus water will be discharged as the horn comes round to dip again 
into the cistern. 

We must also secure the proper quantity of water. When the machine 
is aoinudi immersed as to be up to its axis in water, the capacity which 
.thus secures the proper quantity of air will also take in Che proper quantity 

water. But it may be erected so as that the spirals shall not even reach 
the water : and in this gum it will answer the purpose if a scoop or shovel 
be joined to the horn, luii# informed as to take in at least as much water as 
wiU fill .the bora. iW Uw that is wanted in the beginning of the motion 
along the spiral, and muM than is necessary when the water has advanced 
to the succeeding apun; but t^ overplus is discharged in the way jus^ 
mentioned. The scoop, it should be observed, must be very open on Uie 
side next the axis, that it may not confine die air as it enters the water; ftr 
this would hinder H firomseoeiving enough of that fluid. 

E 
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11. Desaguliers describes^ in the second volume of hie 
Experimental Philosophy , a very simple contrivance to raise 
water, which is this : to one ena of a rope is fixed a large 
bucket, having a valve at its bottom, opening upwards ; to 
the other end is fastened a square frame, and the cord is 
made to pass over two pulleys, each of about 15 inches 
diameter, (and fixed in a horizontal plane,) in such a manner 
that as the bucket descends the frame ascends with equal 
velocity, and vice versa. The frame is made to run freely 
upon four vertical iron guide-rods passing through holes at its 
four corners ; and when the bucket is filling with water at the 
well, the frame stands at the horizontal plane to which the 
water is to be raised ; when the bucket is full, a liian steps 
upon the frame ; (his weight, together with that of the frame, 
exceeding the weight of tlie vessel and its contained water ;) 
this gives an asiiending motion to the bucket, and causes the 
vcilve in its bottom to close. When the bucket is raised to 
the proper height, a hook fixed there catches into a hasp at the 
side of the bucket, turns it over, and causes it to empty its 
water into a trough which conveys it where it is required : at 
this time the man and the descending-frame have arrived at a 
platform which prevents their further descent, where the 
man remains till he finds the bucket above is empty; when 
he steps from the frame, and' runs up a flight of stairs to 
the^ place from which he descended : the bucket, in the mean 
while, being somewhat heavier than the frame, descends to the 
water, and raises the frame to its original position. Thus the ' 
work is continued, the man being at rest during his descent, 
and labouring in the ascent. 

Desaguliers employed in this kind of work a ‘‘ tavern drawer,* who 
weighed 160 lbs., whom he desired to go up and down forty steps of 6$ 
inches each (in all about 22 feet) at the same rate he would go up and doum 
all day. He went up and down twice in a minute; so that, allowing the 
bucket with a quarter of a hophead in it to weigh 140 lbs., he is able to 
raise it up through 22 feet twice in a minute ; this Desaguliers estimates 
as equivalent to a whole hogshead raised 1 1 feet in a minute, and rather 
exceeds what he has assigned as a maximum of human exertion. 

Diis machine is in many cases not only the most simple, but the beet 
that can be devised ; yet it is one that, without due precautions, is likely to 
be a very bad one. Tlie frame on which the man steps must be brought up 
to its place again by a preponderancy in the machine when unloaded; S 
should arrive precisely at the same time with thA man; but it may arrive 
sooner or later. If sooner, it is of no use, ani'Wastes power in raising a 
counterpoise which is needlessly heavy, or in fact less water is elevated than 
the man is able to elevate; if later there is a loss oftime. Hence the per- 
fection of this truly simple machine requires the judicious combination ^ 
two maximums, each of which varies in a ratio compotmded of two odier 
ntios. It will not be difficult, however, to adjust the proportions of tho 
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thc^ftwne: for if B denot^^tho^w^gfat of 
the WdtcVF that th« and ^ the force necesswy to oveicome^the 
friction and the mertU of the poll^Si f (denoting 32i feet, t the time 
occu|»ied in walking u]> the'^atepk, and • the 9 |>ace ascended or 'descended, 
then must B and F he fo hdjusted as to satisfy the ibllowing equation, 

viz. ' .-U-i . .1 p '''♦ * ' 

If thM be e ^ling affording ^ a small quantity of water, or having 
but asniaH fall^it is.possihle by the loss jpf some of the water to raise (he 
rest |o.suig>ljr ,a gentlemaii’f SQat, or. .place where it is wanted ; but 'in 
a less qnantity than what runs Vute, if the place to which the water is to be 
raised hi^iCr than the spring or reservoir from which the water fhlls. 
Schottus long, ago cpntiived an engine for this purpose : but the fint who 
put such a thing in execution was>6ironiaio Finugio, at Romey in 1616 ; 
and the first in this county George Genres, a caipenter, who, in the 
year 1725, erected an pn^e. called the Multiplying-wheel Bucket>engine, 
at the seat of Sir John Chester at Chicliley, m fiuckingham^ire. %iis 
engine was much approved by Sir Isaac Newton, Dr. Desaguliers, and Mr. 
Beighton, and was certainly ve^ ingenious. The water from a spring 
descended in a large bucket hanging by a cord from an axle, while a smaller 
quantity was raised from the same place by a cord hanging from a wheel on 
the same axle : a fiy and other regulating apparatus were added, to make 
the engine work itself, which it did for many years without being out of 
order. As a wh^le, however, the contrivance is complex ; and we are not 
aware that any other engines of the same kind have been erected. A 
description, with a plate, may be seen in Desaguliers’ second volume. 

12. Mr. H; Sarjeani, of Whitehaven, contrived a very cheap 
engine for raising water, for which the Society for the En- 
couragement of Arts awarded him a silver m^al in the year 
1801. A sketch of this simple invention is given in fig. 215. 

Thiis engine was erected at Irton4iall, which is situated on an ascent of 60 
or 61 feet perpendicular height:. at the foot of this elevation, about 140 
yards distant from ^e offices, there runs a small stream of water ; and, in 
order to procure a constant supply of that necessary fluiil, the object was to 
raise such stream to the house for culinary or domestic uses. With this 
view, a dam was formed at a short distance above the current, so as to 
cause a fall of about four feet : the water was then conducted through a 
wooden trough, into which a piece of leaden pipe, twQ inches in diameter, 
was inserted, and part of which is delineated at A. 

The stream of this pipe is directed in such a manner as to run into the 
budket B, when the latter is elevated ; but, as soon as it be^ns to descend, 
the stream passes over it, and flows pTO^essivel;i|r to supply the wooden 
trough or welb^at the foot of which stands the forcing-pump C, being three 
inches in diameter. « 

D is an iron cylindft .attached to the pump-rod, which passes 
through it: such eyli]Wbr,jiNi|^fllM with lead, and weighs about 240 
poimdfi. This 'powar woilBA».pump. and forces the water to ascend 
to the house a plfSlS^^oh in diameter, and which is 420 feet in 

-St E is fixed a ooid, wbicli^ vAen the bucket approaches to within four 
Or five inches of its lowest projeefion, extends, ana opens a valve in 4he 
bottom of the vessel through which water isdisoharig^. 

An engine in a great degree similar to this was erected some years ago 

R 2 
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^ytbtiMo JtmetSpedding, Esq.&f % lea4^Bd|«» imJtoivk)fe^ tht 
•dditioii of a fmaller bucket which emptied itfdf into the largi(,aicer the 
beginaing of its descent, witUdut whi& addition it was foipd that the 
beam OQ^ acquived a libratory motion, without making a ftdl and effective 
etrofce. 

To answer this purpose in a more simple way, Mr. Sageant constructed 
the small engine in such maimer as to finish iits stroke (simking of the 
bucket end) when the beam comes into a hbrizontal position, pr a little 
below it. By this means the lever is ▼irtually lengthened in its descent 
in the proportion of the radius to the cosine, of about thirty degreps, or 
as seven to six nearly, and consequently its power is ineieased in an eqmd 
proportion. 

It is evident that the opening of the valve might have been effected, per- 
haps better, by a projecting pin at the bottom ; nut Mr. S. chose to give an 
exact description of the engine as it stands. It has now been some years in 
use, and completely answers the purpose intended. 

Ihe only artificers employed, except the plundier, were a countiy black- 
smith and carpenter; and tiie whole cost, exclusive of die pump and pipes, 
did not amount to 51. * 

In a letter^ dated Whitehaven, April 28, 1801, Mr. Saijeant observes, 
that the pump requires about 18 gallons of water in the bucket to raise the 
counter-weight, and make a fresh stroke in the pump ; but it makes diree 
strokes in a minute, and gives about a half-gallon into the cistern at each 
stroke. He adds, ** I s^eSk. of what it did in the driest part of last summer; 
when it supplied a large fkmily, together with work-people, &c. with water 
for all purposes, in a situation where none was to ne Wl before, except 
some bad water ^m a common pump, which has been since r emov^. But 
die above supply being more than sufficient, the machine is occasionally 
stopped to prevent wear, which is done by merely casting off the string of 
the bucket-valve.’' 

13. Mr* B&jamin Deurboro has ciontrived an hyt^raulic 
' engine which may be tsonveniently added, to a common puiap^ 
and thereby renders it Useful in mrther elevating water, and 
particularly in e^inguishing fires : the fbHo^ng description 
of his apparatus is extracted from the Memoirs of the American 
Academy^ 

Fig. 210. A, B, C, D, represents n pump, the ferm ef which is similar 
to that of the pumps commoiily employed on ship^board. 

E, the spout. 

F, a stopper. 

D, d, a plank-cap, that is fitted to the pump, and piovided widi leishsr 
on its lower surface, being secured by the sevews a, 5 .- in the centre is n 
hole, through which the spear of the pump passes, and nsund lfhieh a leather 
collar is m^e, as represented at the letter c. 

gy a nut fbr the screw 5. 

fy a SQuare piece of wood that is nailed aeiiiM one had of th# plnak- 
cap,^tkrangfh both which the screw « tl^tfoduced} a' hole is mads 
throdc^* such piece and the cap that eoi id Bihiyat ei witik the hm df the 
pqmp. 

O, Oy a wooden tube, which may be ef any taquistte length, and consist 
of any number ofjeiaes ; it ismade square at diewwer extremity, aad'|>in* 
feram fer the receptien pfthecock; the upper end beinr nade wilha nfev 
shoidder. 
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th«i «pm 4)1 jfeiu the cmMntinioitkiaklNii^ 

pOta^aii^tlietulM^ btiajBp toDtsbedToa the opposite 8idAW&ftth«« 

with a lode, in case it slMuld be found nC&essaiy. * 

^ an two fondei^ die object d which is to pnmit the tube fidfn 

* H, H, braces, each of which ought to be crossed orer anolhef^ as oearlp 
at andes at possible. 

f, I, are IfiQfis m form of a staple, which stmoand the ti^ie, and pan 
thfou^the braces; their enda being perforated with holes for fon4o<^. 

K,^ M, It a head made of n-we pieces of weed ; h, i^ fih th n square 
'piece^ in the lower part of which is a hole for the reoepdon ^ the aatreauty 
of the tube, and which piece rests on the shoulder e, jp / to the lower end of 
thin hmd is nailed a mece of latther, with a bole in its centre* similar to 
that made in the wood. Another piece of leather of ^ same form, is 
placed' on the top of the tube, and between both is a circle of thin plate- 
nrass ; the two pieces of leather and the brass being, pressed between the 
lower end of the head and the shoulder of the tube, llietr edges ate deli- 
neated at o, p. 

K, N, and L, M, are the edges of two pieces of plank* of a similar width 
with the head, to which they are cloSely naUed, each being provided with a 
tenon, that passes through a mortice m the end of the piece O, P: both 
tenons have holes for a fore-lock at p. 

O, P, a piece of plank of the same width as the sides ; the centre of 
which is perforated, in order that the tube may pass through ; and in each 
end of which is‘ a mortice for the reception of the tenons. 

N, M, a cap. 

r, r, are two pieces nailed to the side of the tube ; the lower extremity of 
each is provided with a triidt, with a view to lessen the friction of the head 
in its Imisontal revolution. 

O , g, represent fore-locks, the design of which is to fasten down the head, 
and prevent the water from escaping Id the joint e> p* ^ * 

Q, R, is a wooden conductor : the extremity marked with the letter Q 
being solid, while the opposite, end* R> labored wirit a small auger. * 

«, a bolt that passes tniougb tJIm co^mdor and head, and beu^ secured 
on the back with a fore-look or nut : this' holt is rounded near the head* 
square in the middle. 

r, u, in, sr, represents a piece ofiron oc brass,, designed to prevent the head 
of the bolt tom ^caring into the wood. 

S, S, ipre^Topesfor the directionof the candaotov.. 

Fig. 217 TepieseiMe the head without suoh equduptor. 

a, A, c, d, is a thick brass plate, the centre of which is perforated, so as to 
admit a passage to impurities, that might otherwise obstruct the conductor : 
foe which purpose a of leadier & nailed under it to the bead. The 
square h^ ha the centre is adapted to the size of the bolt, which it prevrats 
ftom tunh^' The conductor- has a hollow cut round the boU on theinside, 
of the samesiaeas the ctoleof holes in the brass; round such cavity is 
fwiled, bn the face of the conductor, a piece of leather, that ^plays on the 
mafgin d the brass plgte when the conouctor is in motion. 

In the eondusion d l|M.v.paeiDoir, Mr. Dearborn observes, that he has 
raised a tube of 30 feet though the severity of the season 

had prevented him from complettng it, so that one person only cpw work 
Wt.the brake* yet be is emddon to throw water on n contiguous builfohg. the 
nsainst pjin of which is 97 leet ftom As pnmpj^ and between 30 and 4Q 
Iwight. 
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14. Screw, or the Spiral Ptunp/wf it ia 

called in Gemiany, the W^ter-snail, is "a hiachine' llw fltd 
Ruaing of v^ter, first*inTented by Archiipedfs. .. T 

Its stracture and use will be understood by -the follbwii^ 
description of it. 

Fig. 218. A, B, C, D, is a wheel, which ia turtied round, according to 
the Older of the letters, by the fkll of water £ F, which need ^not bd more 
than three feet. The axle G of the wheel is* elevated so ae to make an 
angle of about 44^, or between 45* and 60^, with the horiion; and on the 
top of that axle is a wheel H, which turns such another wheel I of the same 
number of teeth ; the axle K of this last wheel being parallel to the axle O 
of the two former wheels. The axle G is cut into a double-threaded screw, 
fig. 219, exactly resembling the screw on the axis of the fly of a common jack, 
which must be what is called a right-handed screw, like the wood screws, if 
the first wheel turns in the direction A B C D ; but it must be a left-handed 
screw, if the stream turns the wheel the contra^ way ; and the screw on 
the axle G must be cut in a contrary way to that on the axle K, because 
these axles turn in contrary directions. 

These screws must be covered close over with boards, like those of a 
cylindrical cask ; and then they will be spiral tubes. Or they may be made 
of tubes of stiff leather, and wrapped round the axles in shallow grooves cut 
therein, as fig. 220. The lower end of the axle G turns constantly in the 
stream that turns the wheel, and the lower ends of the spiral tubes are open 
unto the water. So that, as the wheel and axle are turned round, the water 
rises in the spiral tubes, and runs out at Q, through the holes M N, as they 
come about below the axle. These bolrs, of which there may be any num- 
ber, as four or six, in a broad close ring on the top of the s«le, into which 
ring the water is delivered from the upper open ends of the screw tubes, 
and falls into the open box N. Tbe lower end of the axle K turns on a 
gudgeon, in the water N ; and the stoiral tubes in that axle take up the 
ws^ter from N, and deliver it into anbmetsuch a box under the top of K; ’on 
which there may be such another wheel as I, to turn a third axle by such a 
wlieel upon it. And in this manner water may be raised to any given 
height, wWre there is a stream sufficient for that purpose to act on the broad 
floatrboards of the first wheel. 

15. Another kind of engine, called the Pressure Engine, 
several of which have been lately erected in different parts of 
the country,, is used for raising water by the pressure and 
descent of a column enclosed in a pipe. The principle was 
first adopted in France, in some machinery erected about 
1731 , and is described by Belidor, in his Arch. Hydfml. lib. 
iv. ch. 1. But the engine we arenowgaing to describe is the 
invention of Mr. Trevithe^k, who probably was not aware 
that one of a similar nature had been ]^^fore attempted. It 
was directed about thirty years agoai thj^KraidC^pp^ 

in the, (Parish of Illogan, near Trurov 4.^^- ^ < 

A section of it is given in Fig. 221 . ; 

A B represent a pipe six inches in diameter, thtotcM which water descends 
ftonrthe head to the pbee of its delivery lo'run bffby an adit at S, tbrociffh 
a fall of 34 fathoms in the whole ; that is to say, in a close pipe down the 
slope of a hill 200 fathoms long, with 20 fathoms fall, then per^ndicularly 
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six fiktlkoms till it arrives at and, thence through the engine from B to S 
two fritboms. At the turn B the water enters into^a chamber C, the lower 
part of which terminates in two brass cylinders, four inches in diameter ; in 
which two plufi^ or pistons of lead, 1> and £, are capable of moving up 
and down by their piston-rods, which pass through a close packing above, 
and are attached to the extremities of a chain leading over and properly 
attached to the wheel Q, so that it cannot slip. 

The leaden pipes D and £ are cast in their places, and have no packing 
whatever. They move very easily ; and if at any time they should Wome 
loose, they may be spread out by a few blows with a* proper instrument, 
without taking them out of their place. On the sides ot the two brass 
cylinders in imch D and £ move, there are square holes communicating 
towards F and G, which is a horizontal trunk or square pipe, four inches 
wide and three inches deep. All the other pipes G, G, and R, are six 
inches in diameter, except the principal cylinder wherein the piston H moves ; 
and this ^linder is ten inches in diameter, and admits a nine-foot stroke, 
though it is here delineated as if the stroke were only a three-foot. 

The piston-rod works through a stuffing-box above, and is attached to 
M N, which is the pit-rod, or a perpendicular piece divided into two, so as 
to allow *its alternate motion up and down, and leave a space between, 
without touching the fixed apparatus or great cylinder. Ihe pit-rod is 
prolonged down into the mine, where it is employed to work the pumps ; 
or if the engine were applied to mill- work, or any other use, this rod would 
form the communication of the first mover. 

K L is a tumbler, or tumbling-bob, capable of being moved on the gud- 

g eon V, from its present position to another, in which the weight L shall 
ang over the same inclination on the opposite side of the perpendicular, 
and consequently the end K will then ne as much elevated as it is now 
depressed. 

The pipe R S has its lower end immersed in a cistern, by which means it 
delivers its water without the possibility of the external air introducing 
itself; so that it constitutes a torricellian column, or water barometer, and 
renders the whole column from A to S effectual ; as we shall see in our view 
of the operation. « 

Let us suppose the lower b^ of the tumbler to be horizontal, and 
the rod P O so situated, as that the plugs or leaden pistons D and £ shall 
lie opposite to each other, and stop the water-ways G and F. In this state 
of the engine, though each of these pistons is pressed by a force equivalent 
to more than 1000 pounds, they will remain motionless, because .fAese 
actions being contrary to each other, they are constantly in equilibrio. The 
great piston H being here shown as at the bottom of its cylinder, the tum- 
bler is to be thrown by hand into the position here delineated. Its action 
upon O P, and consequently upon the wheel Q, draws up the plug D, and 
depresses £, so that the water-way G becomes open from A B, and that of 
F to the pipe R : the water consequently descenas from A to C ; thence to 
G G G, imtil it acts bepeath the piston H. This pressure raises the piston, 
and if there be any water above the piston, it causes it to rise and pass 
through F into R. During the rise of the piston (which carries the pit-rod 
MN along with it) a sliding block of wood I, fixed to this rod, is brought 
into contact with the tail K of the tumbler, and raises it to the horizontal 
position, beyond which it oversets by the acquired motion of the wheel L. 

The mere rise of the piston, if there were no additional motion in the 
tumbler, would only bring the two plugs D and £ to the position of ^est, 
namely, to close G and F, and then the engine would stop ; but the fell of 
ihe tumbler carries the plug D downwards quite clear of the hole and 



THE OPERATIVE MHCIIANIC 


248 


the other plujpIS upwards, quite clear of the bole O. These motions requifO 
no consumption ot power, because the plugs are in equilibrio, as wee jiut 
observed. 

In this new situation the column A B no longer communicates wiih G, 
but acts through F upon the.upper part of the piston H, and depresses it; 
while the contents or the great cylinder beneath that piston are driven out 
through GGG, and pass through the opening at Kinto E. It may be 
observed, that the column which acts a^nst fte pfston is a^ted by the 
pressure of the atmosphere, rendered active by^the column of water hanging 
in R, to which that assisting pressure is equivalent, aa has already, becm 
notic^. ‘ 

When the piston has descended through a certaindengtb, the slide or 
block at T, upon the pit-rod, applies against the tail-K of the tumbler, 
which it depresses, and again oversets; producing once noiore the ^position 
of the plugs D £, hero delineated, and the consequent ascent of the great 
piston H, as before described. The ascent produces its Ibnner effect on the 
tumbler and plugs; and in this manner it is evident that the alterations wiU 
go on without limit, or until the manager shall think At to place the tuml^er 
and plugs D £ in the positions of rest ; namely, so as to stop the passages 
F and G. 

The length of the stroke may be varied by altering the positioDS of the 
pieces T and I, which will shorten the stroke the nearer they are together; 
as in that case they will sooner alternate upon the tail K. 

As the sudden stoppage of the descent of the column A B, at the instant 
when the two plugs were both in the water-way, might jar and shake the 
apparatus, those plugs are made half an inch shorter than, the depth of the 
side holes ; so that in that case the water can escape directly through both 
the small cylinders to R. This gives a moment of time for the generation 
of the contrary motion in the piston and the water in G G G, and greatly 
deadens the concussion which might else be produced. 


Some former attempts to make pressure- engines upon the 
principle of the steam-engine have failed ; because water, not 
being elastic, could not be made to carry the piston onwards 
a little, 90 as completely to shut one set of valves and open 
another. In the present judicious construction, the tumbler 
pgfonns the office of the expulsive force of steam at the end 
orabe stroke. 

Mr. Boswell suggests, as a considerable improvement, that 
the action o£ this engine should be made elastic by the addi- 
tion of an ur-chamber, on the same principle as that used in 
fire-engines ; this, he thinks, might be best effected h^ msklug 
the piston hollow, with a small orifice in the bottom^ and of 
a larger size, to serve for this purpose, as the spring of the air 
would then act both on the upward and downward pressure of 
the water. 

Thei*e are many other ingenious hydraulic engines of great 
utility, which the limits of our work will not permit us to 
'd^enbe ; in order, therefore, to supply the deficiency, we 
snail add a catalogue of the most important writings on this 
kind of engine. 
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Deicriptio MacUnv HydnmUcs^ttrioifli coBstmelii Xok G«ar. Fsiidteri^ 
Venet 160T. 

N^uvelle Invention de lever l*£au plus haul que la Source^ avee qudqoe 
Machines Mouvantes par le Moyen de l^u, &c. par Isaac de Cans, 1657. 

Joseph! 0regorii a Monte Sacr. Principia Physico-meehanica diversarom 
Machinarum seu Inatrumentoram Pneumatices ae Hydrauliceft. Venet. 1664. 

Nouvelle Machine Hydraulique, par Francini. Joum. des $ 9 av. 1669. 

[An account of this machine is likewise given in*the Architecture lly« 
diaulique of Belidor^ tom. S’, and in the 2d vol. of Desaguliers’ Experi- 
mental ll^loso^y: in both which performances many other hydraulic 
machines are described.] 

An Undertaking for raising Water, by Sir Samuel Moreland. Phil. Trans. 
1674, No. 102. 

An Hydraulic Engine, by Phil. Trans. 1675, No. 128. 

A dieap Pump, by Mr. Conyers. Phil. Trans. 1677, No. 186. 

M. de Ilautefeuille, Reflexions sitr quelques Machines k dlever les Eaux, 
avec sa Description d’une nouvelle Pompe, sans Frottement et sans Piston, 
Ac. 1682. 

Elevation des Eaux par toute sorte de Machines, r^duite k la mesure, au 
poids, k la balance, par le moyen d*un nouveau piston et corps de pompe, et 
a*un nouveau mouveroent cyclo-elliptique, et rejetant I’usage de toute sorte 
de manivelles ordinaires, par le Chevalier Morland. 1685. 

A new Way of raising Water, enigmatically proposed, ‘by Dr. Papin. 
Phil. Trans. 1685, No. 173. The soluuons by Dr. Vmcent and Mr. R. A. 
in No. 177. 

M. du Torax, . Nouvelles Machines pour dpuiser TEau des Fondations, 
cjui, quoique tr^ simples, font un effet surprenant. 1695. Joum. des Spav. 
1695, p. 293. 

An Engine for raising Water by the help of Fire, by Mr. Tho. Savery. 
Phil. Trans. 1699, No. 253, 

D. Papin, Nouvelle Manihre pour lever TEau par la Force du Feu : 
^Cassel. 1707. 

Mdmoire pour la Construction d’une Pompe qui foumit continuellement 
de I’Eau dans le Reservoir, par M. de la Hire, Mem. Acad. Sci. Paris. 1716. 

Description d’une Machine pour 41ever des Eaux, par M. de la Faye, 
Mem. Acad. Sci. Paris. 1717. 

Joh. Jac. Bruckmann’s und Joh. Heinr. Weber’s £l4mentar*maschine, 
Oder universal-mittel bey alien wasser-hebungen. Cassel. 1720. 

Jacob Leupold, Theatri Machinarum Hydraulicanim. 1724, 1725. 

Joh. Frid. Weidleri Tractatus, de Machinis Hydraulicis toto terraruni 
orbe maximis Marlyensi et lx>ndinensi, &c. 1727. Vide Act. enidit. 
Lips. 1728. 

A Desoription of the Water-works at London*bridge, by H. Beighton, 
F.R..S-^ Phil. Trans. 1731, No. 417. 

An Account ef a new Engine for raising Water, in which horses or other 
animals draw without any loss of power (which has never yet been prac- 
tised;) and how the strokes of the piston may 1)6 made of shy lengtn, to 
prevent the loss of water W the too ftequent opening of valves, &c. by 
Walter Churchman. Phil. Trans. 1734. 

3iir TEflet d’uae Machine Hydraulique propos^e par M* Segner, par 
M. Leon. Euler, Mem. Acad. Sci. Berlin. 1750. 

Applieation de la Machine Hydraulique de M. Segner k toutes sortes 
<}^ 0 uvxuges, et 4e ses avantages sur les autres Machines Hydrauliques, pa» 
M. Leon. Euler, Mem. Acad. Sci. Berlin. 1751. 

[M. Segner's machine is no other than the simple yet traly ingenious 
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contrivance known by the name of Barker's mill^ which had been descriM 
in the 2d volume of Desaguliers' Philosophy, some years before the Cfenrian 
professor made any pretensions to the honour of the, invention. The theoiy 
of it is likewise treated by John Bernoulli at the end of his Hydraulics.] 

Recherches sur une nouvelle manihre d*dlever de I'Eau pioposde par 
M. de Mour, par M. L. Euler, Mem. Acad. Berlin. 1751. ^ 

Discussion particulihre de diverses manibres d'blever de TEau par le 
moyen des Pompes, par M. L. Euler, Mem. Acad. Ber. 1 752. 

Maximes pour arranger le plus avantageusement les Machines destinies 
b blever de I’Eau par le moyeu des Pompes, par M. L. Euler, Mem. Acad. 
Ber. 1752. ^ 

Reflexions sur les Machines Hydrauliques, par M. le Chevalier D’Arcy, 
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FUMF8. 

1 . The construction of pumps is usually explained by glass 
models, in which* the action both of the pistons and ralves 
may be seen. 

F In order to understand the structure and operation of the common pump, 
let the model D C B L, fig. 222, be placed upright in the vessel of water &, 
the water being deep enough to rise at least as high as from A to E. Ihe 
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YalveA oii the tnovahie iMteiket O) imd the valre A on the hxed boa^M, 
(which quite Ps the^bore oi Hie pipe or barrel at 11,) will each lie dose 
% its own weight^pph'ihid hole in the bucket and ’bcicij' until the engine 
begins '^6 work. ' ^e ti&lvee ere made of brass, ahd^ooirered underneath 
withl&dier, foV cloiiiigHie hble more end thekvttcket U is raised 

and depressed alteniAtd^ bjr the leuidle £ and rod 1>4 Hve<bQefcet being 
supposed at B before the if^ikikitf b^ns. v 
, Take hplfl of the handle £, and diereby draw^up the. bucket from B to C, 
which will^make rooih fi>r the'ahf^ thb pemp ell die way below the bucket 
to dildte itself, by'Which its sprihg is weakened, and then its is not 
equivalent to the weight or pressure of the outward air upon the water in 
the vessel K; and therefore, at die first stroke, the outward air will press 
up the water throuffh the notch^ foot A, into the lower pipe, as fiur as e ; 
this will cqpdense die rarefied air in the pipe between i ana C to thewame 
state as it was in bej^re ; and then, as its spring within the pipe is emial to 
the force or pressure of outward air, the water will rise no higher oy the 
first stroke ; and the valve A, which was raised a little by the dilatation of 
the air in the pipe, will fall, and Stop the hole in the box H ; and the surface 
of the W 2 ^r wil) stand at i. Then depress the piston or bucket from C to 
B, and as the air in the part B chkinot get back agiun thhmgh the valve A, 
it will (as the bucket descends) raise the valve a, and to make its way 
through the upper part of the barrel d into the open air. But, upon raising 
the bucket G a second time, the air between it and the water, in the lower 
pipe ate, will be again left at liberty to ^1 a larger space | and So its luring 
being again weakened, the pressure of the' outward nr on the water in the 
vessel K will force more water up into the low^r pipe from e to /; and 
when the bucket is at its jpreatest Wight the lower valve A will fall, and 
stop the hole in the box H as before. At the next stroke of the bucket or 
piston, the water will rise through the box H towards K and then the valve 
A, which was , raised by it, will fidl when the bucket G is at its greatest 
height, ^pon depressing the bucket i%ain, the water' cannot be pushed 
J>ack through the valve A, which keeps dose upon the hole whilst the piston 
descends. And upon raising the piston again, the <mtwi^ pressure of the 
air will force the water up mrou^ H, where it will raise the valve, and 
follow the bucket to C. Upon the next depression of the bucket G, it will go 
down into the water in the barrel B ; and as the water cannot be driven back 
through the now close valve A, it will raise the valve a as the bucket descends, 
and will be lifted up by the bucket when it is next raided. And now, the 
whole space below the bucket being full, the water above it cannot sink 
when it » depressed ; but upon its depression, the valve a will rise to let 
the bucket go down ; and when it is quite down, the valve a will fall by its 
own ifleight, and stop the hole in the bucket. When the bucket is next 
raised, ml the water above it will be lifted up, and begin to run off by the 
pipe F. ' Vl^n^ thus, by raising and depressing the bucket alternately, there 
IS still more ,^ater raiM by it ;«which getting abpvi* the pipe F, into the 
* wide top I, will supply the pi^, and make it run with a continued stream. 
So, at every time the bucket is raised,' the valve A rises, and the valve a 
falls; and at every time the, budmt is depressed, the valve A fiills, and the 
valveariser4>'^^ 

;As it is the piessumilfftheair^dr atmosphere which causes the water to rise, 
and follow the piston or tmeket G as if is drawn up ; and since a column ofwater 
32 feet high is of equal weight with as thick a column of the atmosphere^ 
from the earth to top'of the air; therefore the perpendicular height 

of the piston or bdekAtTium^the surfoce of the water in the well must always 
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to Uii than n ftttj odmwlM tto mtef vift nmer get atom dw 

But wbeD theliai^ if kis, the preMura «t the. atotof^iara iriU to fttotv 

thaa the « tto water ia tto pnmpt and will ttowfeie nue it atove 

the bucket; and when the water has (moa got atom die bud^ itmayto 

Uftad to ahyhai^tf ttorodDto mdaiaManoagh^.and a M%ieto 

degree of ttrengta to' employed, to nMa?it fiN)' 

above the bucket without ever lengtheung the tiMto. , 

The fiirce nquired to woric a pump itSl beas the h^t to 
tto water is nused, and as the square of the &mater 
of the pump'bore in that part where the ^ston snoifca. $o 
that if two pumps be made of equai h^hts, an&ene of them 
be twice as wide in the bore as the other, the widest will raise 
four times as much water as tto narroitost^ and will require 
therefore four times as much stren^ to work it. 

The wideness or narrowness of me pump in any othw part 
besides that in which the piston works, does not make the 
pump either more or less difficult to work, except what differ- 
ence may arise from the friction of the water in the bore, 
which is tdways ^ater in a narrow bore than in a wide one, 
beeause of the great velodty of the water. 

The punqi-rod is never raised directly by such a handle as 
£ at the top, but by means of a lever, whose longer arm (at 
tto end of winch the power is applied) generally exceeds the 
length of the shorter arm fire or six times, and by that means 
gives fire of six times as much advantage to the power. Upon 
ttoie prinmpleB, it will be easy to find the' dimensions of a 
pun^ that rimll work with a given force, and dntw water 
from any given depth. 

The quantity of water raised by each strobe of the pump- 
handle is just hs much as fills that part of the bore in which 
^putem works, be the tize of the rest of the jhore above and 
hdow the piston what it will. Tto pressure of the atmo- 
sphere vrill ndse the water $2 feet in a pipe exhausted of air ; 
but it is advisable never to have the piston more than 20 or 
M feet above the level of the gurfree of the water in yhich 
tto lower end of the pump is placed ; and the power required 
to. work the pump will be the same, whether the pistou goes 
down, to Ue on a mvel with the eurlhce of the wdl, or whether 
it Vfirkl 20'fret above that surface, beeause the weight of the’ 
oolimin srf air that tto piston lifts is equal to the weight or 
pressure of the column of water raised by the pressure of the 
tfir to the pbton. And although tiie pressure of the ur on 
tto snidtoe .of the well will not raise or ftnee up the water in 
the pmnprb^ mere than feet, yet irtoo tim ]^n goes 
down into tto cokinm so raiaeii, the water get» above it, mid 
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4b9i te ni#e4 to iinjr height whatever ehore the j^toUL 
iteco^^g to the quantity '6f power appu^ ^to hamfle .« 

P«a^oi^^«(tohernauiefw (aayaMiwFefvaiOD) astowoA 
with e^ialeMe uf faiaiBg the water to aQy0'renhd|ht above 
the auime of the vtolL And tida may he by duly pro- 
portioning the ^ameler of the boi« ^ t^ , part where the 
piMep mmu) to the height the enter .ia to be nise^ aa tiiat 
the colimm «» watevauv be no beanw in a long pmp ti»w» 
iani diwt «n^' or indeed equally heai^ in aU punpa Irotothe 
ahorteat to the longeat, on a aupposinon that the diameter of 
the boreia the eame aize £eom top to bottom ; and whatever 
size the bore be, above or betow that part in which the piston 
works, the power required to work the pump will be biwt the 
same as if toe bore was of the same size throughout. 

In (»der that a man of common strength may raise water 
by pumps with toe same ease, to any height not less than 
10 mel^ or more than 100 feet, above the surfece of the well, 
Mr. Ferguson has calculated the annexed table, in which the 
diameter of toe bore is duly proportioned to the Ifeigto ; and 
in these calculations be supposes the pump-handle to be a 
lever increasing the power five times. 


Refilit oi tbe 

Diameter of the 

Vfaier dlschaffed in 

pump, In feet, 
above the surface 
of the well- 


bore. 

*a minute^ 

100 parts of 
Inches, an inch* 

in wine measure. 
Gallons, ^ints. 

10 

6 

•93 

81 

9 

15 

5 

•66 

54 

4 

20 

4 

•90 

4Q 

7 

25 

4 

•38 

32 

6 

30 

4 

•00 

27 

2 

a 

3 

•TO 

23 

3 

3 

•46 

20 

8 

45 

3 

•27 

18 

1 

50 

3 

•10 

16 

3 

55 

2 

•95 

14 

7 

60 

2 

••84 

13 

5 

65 

2 

•72 

12 

4 

70 

2 

•62 

11 

5 

75 

i 

•53 

10 

7 

e<r 

•45 

10. 

2 

85 

2 

•38 

9 

5 

90 

2 

•31 

9 

1 

95 V 

2 

•25 

6 

5 

100 

2 

•19 

8 

1 


In toe first ctditom lock fer toe number of feet toe water is 
to be misSd ; then, in toe second column, you have the dto- 
meter of toat past at toe here in whidi toe piston at bntoefe 
works ; and in toe tofard column, toe quantity of wstto wUck 
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a man oCorduiarjraiMiength can nuae.ib aminuteby 
to th« giTeabcl^. , ... . ; * ,/ 

The ^uan^ty>^<tf vatercontunedmai>]B9e«f«ithac .oi^a^ 
heights in the tabla* BuppoBin|r the dkmeter^the b()f« to be 
the same from top to bottom, u 4623*2 cnblo inches, 19*1^ 
^lons in wine-on^oi^, as near as the hiindtedth part ol an 
uich in the diameter of the bore can mshe it: 

Mr. Feigqson has.cab^ilsted the finUowing tabH 
the quantity and wdght of trater in a ^liimncal boto'^ any, 
jriren diameter and petpsnficnlar.height horta^ readily 
found. 

Diameter eftke eyVMMedl bora 1 IimA. 


QuMitltirof watcr» 
, Ib cubic iuchct. 


9*4247781 

18*8495562 

28*2743343 

37*6991124 

47*1238905 

56*5486686 

65*9734467 

75*3982248 

84*8230029 


For tens of feet high, remove the decimal points one place 
towards the right hand ; for hundreds of feet, two places ; for 
thousands, three places; and so on. Then multiply each 
sum by the square of the diameter of the given bore, and the 
products will be the answer. 

Example : 

Qtf . What is the quantity^ and weight of water in an upi^ht 
pipe 85 feet high, and 10 inches in diameter'^of bore ? The 
square of 10 is 100. 



Weight of ir«ter» 
in troy ounces. 

In uvoirdnpoise ounces. 

4*9712340 
9*9424680 
14*9137020 
19*8849360 
24*8561700 . 

29*8274040 
34*7986380 
39*7698720 
44*7411060 > 

' 5*4541539 
10*9083078 
16-3624617 
21-8166156 
27*2707695 
32*7249234 
38*1790773 
43*6332312 
490873851 


Beet lugb. 
60 
5 


Cubic Inches. 
753* 982248 
47*1238905 


tVcy ouBcet. 
397* 698720 
24*8561700 


Avoirdupoite puiicei. 
436* 332312 
27*2707695 


85 I 801*1061385 
Multiply by. 100 


422*5548900 

100 


463*6030815' 

too 


Answer . . . 80110*6138500 42255*4890000 46360* 308150 


Which number (80110*61) of cubic indies being dividjcd by 231, the 
Dum^r of cubic inches in a wine gallon, gives 342*6 for tjie number o6 
gallons in the pipe ; and 42255*489 tmy ounces being divide^y 12, gives 
3531*29 for the weight of the water in troy pounds ; and, lUstly, 46360*3 
avoirdupoise^ ounces^ being divided by 16, gives 2897*5 ^for the weight in 
avoirdupoise pounds. 
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powei^^quired to woik a pump^ or aa^ other hydraplic 
en^e, mast not only be equal to the whole eehnnn of water 
in tfii jOuitOp^bO^; but aii inueh siiperior toll^ aK will overcome 
alt the fffdtioh tif the IWtnieihg para» the'ee^e. 

ISi. lo DrrGr^^ry^s MeMimicSi Vol. U. n the following 
desdiiptloh of a pnmpj w^ little friction/ wtdch inay be con- 
structed in a variety of ways bjr ahy *eom|mon carpenter. 



water to small heights. W in dh&ihmtf inches, m^e pits, 
quarries, &c., or even for the service of a house. 

ABCD, fig. 223, is a square tank of car^ntor’s work open at both 
ends, and havixig a little cistern and ipout at tooi Near the l^ttom there 
is a partition made of board, perforated .with a hole £, arid covered with a 
dock. a long cylindrical bag made of leather or of double 

canvass, with a fold of thin leather, such as weep 8kin,,beiweeu the canvass 
bags. This is firmly nailed to the board £ with soft leather between. The 
^per end of t&is b^ is fixed on a round board having a hole and valve F. 
Tnis board may be turned in the lathe with a groove round its edge, and 
the bag fimtened to it by a cord bound tight round it. The fork of the 
pistonnm FG is firmly fixed into this board; the bag is kept distended by 
a number of wooden hoops or rings of strong wire, &c. put into 
it at a few inches distance from each other. It will be proper to connect 
these hoops, before putting them in, by three or four cords from top to bottom, 
which will keep them at their proper distances. Thus will the bag have 
the form of a barber’s bellows powder-puff. The distance between the 
hoops should be about twice the' breadth of the rim of the wboden ring to 
which the upper valve and piston-rod are fixed. 

Now let this trunk be immersed io the water. It is evident that if the 
bag be stretched from the compressed form which its own .weight will give 
it by drawing up the piston-rod, its capacity will be enlarged, the valve F 
will be shut by its own weight, the air in the bag will be rarefied, and the 
atmosphere will press the water into the bag. Wh^ the rod is thrust 
down again, this watW will come .out by the valve F, and fill pi^ of the 
trunki A repetition of the operation will have a similar efiect ; the tank 
will be filled, and the water wul at last be discharged by the spout. 

Here is a pump almost divested of friction, and perfectly 
light. For the leather between the fcdds of canvass renders 
the bag impervious both to air and water^ And the canvass 
has ve^ considerable strengUi* We know, from experience, 
that a brig of six inches diameter, made of sail-cloth No. 3, 
with a sheep-skin between, will bear a column of 16 feet of 
water, and six hours wo^ per day for a month without 
failure, and that the pump is considerably superior in effect 
to a common pump of the same ^mensions. We must only 
c/lMerve, that the length df the bag must be three times the 
intended length Of the stroke ; so that when the piston-rod is 
in its highest position, .^'e angids or ridges of the bag may 
be pretty acute. If the bag .be more, stretched than this. 
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the ,fince iHilcli tnuet be exerted by the hdmwer b yc p y e 
much greeter then the weight of the column of rmch 
he is miinng. ‘If the pump be leki aslope whichie my uattid 
in these occndimel and hasty drawings, it is neeeaaary to 
wwlra a guide for the pi8ton>iod within the tnmkj that the 
bi^ may play up and down without mbUi^ en the ridaa^ 
whi^ would quiddy wear it out. 

The ej^erienced reader wffl see that tide punqp i» -my 
Mke that of Oosaet andDe k PeuUl^ described by BeHdor, 
Tol. ii. p. 120, and most- writers on hydraulics; It would be 
still more like it, if the hag wme on the under dde of the 
partition £, and a raise placed forther down the trunk. But 
we think tiiat oiir form is greatly preferable in point of 
Stretch. When in the ether situation, the column of water 
lifted by the piston tends to bunt the bag, and this with a 
great force, as the intelligent reader well knows. But in the 
form recommended here, the bag is compres$ed, and the 
strain on each part may be made much less than ^t whidi 
tends to burst a bag of she inches diameter. The nearer the 
rings are placed to each other the smaller will the strain be. 

The same bag-piston may he employed for a forcing-pump, 
by placing it below the putition, and inverting the ralrs; 
and it wiu then be equally strong, because the resistance in 
this case too will act by compression. 

3. An ingenious variation in the construction of the sucking- 
pump, is mat with twojpiston-rods, in the same barrel, in- 
vented bv Mr. Walter Taylor, of Southampton. A vertical 
section of this pump is given in fig. 224. 

_ Hie poston-iods heve racks at their upper parts workiag on the opposite 
sides oT a pinion, and kept to their proper positionV'hy ftiction-ioHeni. 
The valyes used in this pump are of tluree kinds, as shown at a, b, fend t. 
The former is a spheric segment which slides up and down on me piston- 
rod, and is brought down by its own weight; dte second, b, U called the 
pendnlnni-valre ; and the third, c, is a globe which is raised by the rising 
water, and foils again by its own weieht. Each of these vslves will d^ 
engage itself from cMps, sand, grarcT, &c. brou{At up by the under. Ih' 
tikis kind of pump the pMons may either be put m motioD by a.haa^fo 
tile usual wi^, or a rope may pass round the wheel ds in a ptepSr gmpfe, 
the taro ends of which, after crossing at tiie lower part of the wheel, may 
bepnOad W onc nian or mors on each side. A pump of fiilf kin^. wiA 
seireo iadh tiprfo nesres a ton 34 feet highinamumte,wld)tnmcA;-tiye 
only woil^g at h ftme on each side. ' - ; : . - 

Anotbev knprovement the common pomp has been ipti4e 
by Mr. Ttidd, of Hull. This invention in soefe 
bears a resemUance tp tim ordinary oj^ but he Jug. iC^- 
(teined to deuUe Ba powetra jqr tit? foUoicing means; 
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Haviiig prepared the pistonr cylinder, which niay be 12 feet 
bigb^ he cuts from the bottom of it about three feet ; at 
the end of the great cylinder he places an atmospheric-vfJve, 
and to the top of the small cylinder a serving-valve. In the 
bottoni of the small cylinder^ which contmns the serving- 
valve, is inserted an ^oblong elliptical curved tube, of equal 
caliber with the principal cylinder, and the other end is again 
inserted in the top of the great cylinder. This tube is divi^jcd 
in the same manner as the first cylinder, with atmospheric 
and serving valves, e^Tactly parallel with the valves of the 
first cylinder. Tlie pump, thus having double valves, pro- 
duces double effects, which effects may be still further increased 
by extending the dimensions. 

The cylinder is screwed for service on a male tube screw, 
which projects from the side of a reservoir or water cistern, 
and is worked by hand. 

The piston-plunger is worked by a toothed segment- wheel, 
similar to the principle of the one used in working the chain- 
pumps of ships belonging to the royal navy ; and the wheel 
receives its motion from a hand-windi, which is considerably 
accelerated by a fiy-wheel of variable dimensions, at the 
opposite end. 

This pump, in addition to its increased powers, possesses 
another very great and prominent advantage. By screwing 
to it the long leather tube and fire-pipe of the common engine, 
it is in a few minutes converted into an effective fire-engine. 
Hence, whoever possesses one may be said to have a con- 
vAiient domestic apparatus against fire. Three men can 
work it, one to turn the .winch, another to direct the fire- 
pipe, and a third to supply the water. 

4. The Forci7ig~pump is represented in fig. 225. . 

It raises ^ater through the box H. not in the same manner as the 
sucking or lifting nump does, when the plunger or piston g is lifted up 
by the rod "Dd; but this plunger or forcer has no hole through it, to 
let the water in the barrel B C get above it, when it is depress^ to B ; 
and the valve h (which rose by uie ascent of the water through the box H 
when the plunger g was drawn up) falls down and stops the hole in II 
the moment that the plunger is raised to its greatest height. Therefore 
as the water between the plunger g and the box H can neither get 
through the plunj^r upon its descent, nor back again into the lower 
part of the pump L o, but has a free passage by the cavity around H into 
the pipe MM, which opens into the air-vessel KK at P, the water is 
forced through the pipe M M by the descent of the plunger, and driven into 
the air-vessel, and m running up through the pipe at P, it opens the valve 
a, vdiich shuts at the moment the plunger begins to be raised, because 
hetion of the water against the under side of the valve then ceases. 

The water being thus forced into the air-vessel K K, by repeated strokes 
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ot the plunger, gets above the l5wer end of the pipe G H I, and tiien 
begins to condense the air in the vessel K K. For as the pipe G H is fixed 
air-tight into the vessel below F, and the air has no way to get out of the 
vessel out through the mouth of the pipe at I, and cannot get out when the 
mouth I is covered with water^ and is more and more condensed' as' thd 


water rises upon the pipe, the air then begins to act fordbly by its spring 
against the surfiice of the water^at H ; and this action drives the water up 
through the pipe I H G F^from whence it spouts in a S to a great height. 


and is supplied by alternately raising and depressing the plunger g, which 
constantly forces the water that it raises through the valye H, uong the 
pipe M M, into the air-vessel K K. 

^e higher the surface of the water H is raised in the air-vessel, the lesa 
.space will the air be condensed into, which before filled that vessel ; and 


therefore the force of its spring will be so much the stronger upon the 
water, and will drive it with the greater force through the pipe at F ; and as 
the spring of the air continues whilst the plunger g is rising, the stream or 
jet S will be uniform as long as the action of the plunger continues ; and 
when the valve b opens to let the water follow the plunger upward, the 
valve a shuts, to hinder the water, which is forced into the air-vessel, from 
running back by the pipe M M into the barrel of the pump. 

If jthere was no air-vessel to this engine, the pipe G Hi would be joined 
to the pipe M M N at P : and then the jet S would stop every time the 
plunger is raised, and run only when the plunger is depressed. 


Mr. Newsham’s Water-engine, for extinguishing fire, (see 
Fire-engine,) consists of two forcing-pumps, which alternately 
drive water into a close vessel of air; and by forcing the 
water into that vessel, the air in it is thereby condensed, and 
compresses the water so strongly, that it rushes out with 
^reat impetuosity and force through a pipe that comes down 
into it; and makes a continued uniform stream, by the con- 
densation of the air upon its surface in the vessel. 

By means of forcing-pumps, water may be raised to afiy 
height above the level of a river or spring; and machines may 
be contrived to work these pumps, either by a running stream, 
a fall of water, by horses, or by steam. 

The rod of the bucket in a sucking-pump is sometimes 
made to work through a collar of oiled leathers and brass 
plates, connected with the barrel of the pump by screws, and 
kept moist by water contained in a vessel at the top : it 
prevents the water issuing from the top of the pump, and 
therefore by a pipe it will raise to any height. This is called 
in tbe Nor^ a jackhead. 

5.- The lAfting^ump differs from the sucking-pump only 
fh the ^mosition of its valves, and the form of its piston 
fra^. . 'llpis pump is, represented in 226. 

. 8 barrel fixed.in a ^me IKLM, .whidi is immovable; with 

ks lower pa^ comnumiesting with the water. GBQHO is afnmm 
with two steOBg iron i^s, movable through holes in the Upper ittuf 
lovter parts xjf the piimps I K~ and L M; in the bdttom of this Mine 
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made to fit the nozle, that every thing majr be always ready 
for immediate use. The work of this pump is x^ot liaole to be 
injured by frost ; and when the well is of considerable depth 
a brass or metal barrel for the piston to work in should be 
adopted. 

Fig. 228 is a section of a well^ in whi€h a pump of this kind is fixed; 
A A represents the surface of the ground, ana B B the bricki^rork of the 
well, in which the water stands at the level C, and is, by the pump, to be 
raised to the surface A A. 

D is the lever or handle of the pump, whidi has the rod a joihted to it, 
and descending to the pump ; the rod is made of wood, in several lengths, 
which are united by joints of Iron, in the manner shown at4g. 229 ; the 
wooden rods, a a, being capped with iron forks 6, which include the ends of 
them and are rivetted fast; the ends of the forks are joined together to 
connect the several lengths. 

£ is the working barrel, or chamber, of the pump, in which the bucket 
works ; this part is formed of a tree, bored through and having a projecting 
branch e, which is likewise bored obliquely to the barrel, and forms the 
forcing pipe ; in the bottom of the barrel the suction-valve is situated, being 
at the top of the suction part of the pump, which is bored with a smaller 
auger than the working chamber, which is also lined with a brass tube, 
where the bucket works. The top of the barrel is covered by a metal lid, 
ffy (see figs. 23(1 and 231,) which has a stuffing-box in the centre to receive 
the metal cylindrical part of the pump-rod 4 ; to the lower extremity of this 
the bucket a is fixed. The metal lid consists of a ring, which is screwed to 
the wooden barrel by five screw-bolts, passing through as many ears;, pro 
jeeting from the circumference of the ring; they have eyes below to hook 
upon pins, which are fixed in the wood, but project sufficiently for these 
bolts to hold, and are formed into screws above, so as to bold the ring 
firmly down, by means of nuts screwed upon them. The movable lid of 
the pump, which has the stuffing-box^ formed in the centre of it, is screwed} 
to the ring by five screws, and these can be taken out to remove the lid, 
and draw up the bucket, when it requires to be leathered. 

F is the forcing pipe, formed of as many pieces of wooden pipes as are 
required to make up the length'; they are united together by making the 
upper ends conical, to enter a similar cavity made in the lower end of the 
next pipe ; the lowest piece fits upon the extremity of the projecting branch 
e, and a valv$ is proposed to be put in the pipe at this joint, to prevent the 
return of the water, and bear part of the weight of the column from the 
lowest valve at /; the upper end of the pipe has a spout i, at which the 
water is delivered. 

M is a second spout, fixed into the pipe lower than the former ; it has a 
screw by which it can be united to a hole, or leather pipe, to convey the 
water to a distance, or by means of a jet, or braDchp^pipe, to throw it in the 
manner of a fire-engine ; in this case the upper spout I must be stopped up, 
by a screw-plug or cap ; and there is a copper air-tight vessel 11, situated 
at the top of the pipe F, to equalixe the pulsative motion of the' water as 
thro^ by the pump. 

K is a bracket fixed to the pipe F, and projecting over the centre of the 
pomp, where it has a hole to receive the pump rod A, and guide it steadily 
in its motion up and down, that it ma;^ not wear the 8tuffing-hK>x away on 
one ride. As the wooden tubes of which the forcing-pump F is composed 
may be made from waste or cro<Aed timber, it makes a great 'difference 
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between the low ^rice of such, and that of the stiaignt trees occesssiry for 
eomnion pumps. A wooden plug may be chained to the pump, betwixt 
the spouiSs or ooxles M andi, so as be ready to stop that which is not wanted 
in use. 

Mr. Stephena is of opinion^ that it is better to {lace the 
valve /above the level of the evaterin the well. 

8. Mr. William TyroVj of Liverpool^'took out a patent in 
Mareh^ 1812^ certain improvements in the construction 
of pumps^ and in the machinery for working Jthe same. 

This improvement consists in having four brass chambers, marked P P P, 
fig. 2^2, joined together bv means of breech-pieces with screws, and 
soldered across the Joints ; these breech-pieces, marked Q, Q, being cast 
of brass, or any other suitable metal, when these are complete, P P, 
fig. 233, is placMupon the breech-piece Qq, fig. 234, and both ofthem art 
fixed to or under a box or frame suitable for the purpose. 

This box or frame, fig. 238, is furnished with eight brass grooves, 
O O O, fastened to the sides with screws ; and a crank, or four cranks in 
one, that is, one crank out of each side of the same piece of square iron or 
any other suitable metal, one up, one down,'Qne in front, and one in back. 
To one end of the crank, or cranks, is fixed two4ooth and pinion wheeb, 
a sufficient distance apart to allow two wheels of the same diameter and 
thickness to stand between them, so that the cranks may go round without 
moving the other wheels, marked C and £. The wheels D and F are 
made fast on the cranks A, A, by means of a screw or pin, and the wheels 
C and £, being fixed close together, slide to and fro upon the square end 
of the axle U, by means of the guide or sliding geer V, which is fixed in 
a groove turned out of the nave of the wheel C, by means of a clip and two 
screws, which fasten it underneath, and rests in the notches' fixed at the 
other end of the box or frame, for the end of the rade or geer to rest. 

The notches are three in number on each side of the box or frame W. 
^he one farthest from the wheel has the guide Vf drawn back, with the 
wheel E upon the small wheel F. By moving the guide into the middle 
notch, the wheels C and £ are kept between the whirls D and F ; and the 
notch nearest the wheels guides the wheel C on the large wheel D, so that 
the power is much greater when forcing or drawing water from a great 
depth. 

When the wheels C and £ are placed in the space between the lower 
wheels, the handle is moved from the upper axle U, and placed upon the 
end of the crank A A, and the pump is worked without the assistance of 
the wheels as occasion may require. The machinery is furnished with four 
key-bow rods, maiked B B B, for the purpose of fixing to them the spear 
boxes or plunging rods, by means of a joint and pin and bolt, the key-now 
being filed square across in the inside, so as to give the roller-step a fair 
bearing. 

Fig. 235 represents the rolling-step, which is formed of two pieces of 
brass, the one half round, of a thickness according to the strength or size ef 
the machinery ; and the other round, like a wheel or sheave in form, and of 
the same thickness as the other half. This round sheave or wheel is cut half 
through the middle edgeways, and the piece is then cut off, and a dovetail 
is cut down the width in proportion ta the crank. The other half is then 
fitted into the {dace from whence the larger piece has been cut, and both of 
them are held together by means of two screws; and the sheave or wheel is 
then- in the form of its appearance before it was cut. A hole is now drilled 
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through th« cMRre, aod it if fiaed upon the befino-iueolioned cr^ or 
/dhnkB. 236, represaats tha larger half of this stM; aad X, 

237} repremts '&a smallar hal^ with the dove-ta^ed standing upon it, 
which fills up die vadancy or room that is made in the l^rge hahT fi>r fixing 
it upon the crank. 

Ae ends of each key-^w is set in' the grooves, O O 0, fig. 238, andthe key- 
bow rods, B B B B, wofk throuf^h holes in die bottom of die b^ j^ whiw 
purpose an iron-plate or base is ibnneid with fimr holaSi, SB ^ fig. 239, 
and is fixed at the bottomr^pf .tjie boggiir frame with screws^ Hia rods, by 
being fitted into thn ho^ m this pla^ .keep the^s^ke of the pump, peiu 
penmcular, while thd st^ rolls b^watdr dnd fbtwards hi’ the keywbow, ar 
they are ifinced up and down by .the oraaks mmviQg.or tidning ahemately 
round. " ’ 

'When this machinery is i applied 'over a foreingp-pump^ or plao^ Over a 
fire-engine, it causes a greater quantity of Wfiter.to be oisOhmged from the 
oistem or engine, and as it is ve^ poweri^, it is highly necessary that it 
should have a cock of a superior size, to let more water ^paseTihi!Ougn.in the 
same time than ordinary ; for this purpose Mr. Tytor makes^the barrel, 
or that part of the cock where the key or stop goes in on one side, so that 
there is but one stop to the plug or key, the stop, resting in that part that 
overhangs the side, admits room fora full sized water-way to oe com- 
pletely through it, without- causing the water to have any bubble or curl 
as it passes through the plug; 

Reference to the figures : 

Fig. 240 represents a side view 'of the cock. 

Fig. 241, a top view of the same^ 

Fig. 242, the plug, with the water-way cut out. 

Fig. 243 represents the crank, with the tooth and pinion wheels, and the 
itdling steps. 

Fig. 244, the upper axle, -with the improved -plan of the sliding gegr. 

Fig. 245, the spear box and rod in the form of the fastening at die top of 
the Imy-bow rod, when applied for shipping. 

Fig. 246, a front view*of the pump standing upon a ship’s deck. 

9 . Mr. Richard Franklin has keen rewarded by the Society 
of Arts for effectihg' certain improvements in the liftinp^ and 
forditg pump, bv vmich water can be conveyed into a cistern 
at the top of the house, to supply ell the dressing-rooms, 
water-closets, &c. 

A section of this pump is given in fig. 247. 

AA are two pistons ; on the upper foce of each is a double valve, vttvvi 
the upper pistdn-iod passes through the stuffing-box B, and the lower 
trough the stuffing-box- C. " S is the suction-pipe, and D the discharging- 

248 is an external view of the pump ; e ee the lever or handle; F 
the ftilcntm, on which the handle moves ; G G is the.pomp-qylinder; w w 
the wheels which revolve between the standards sr and which conduct 
the piston-rods parallel to the cylinder ; ep the oonduoting-rod, which con- 
keys- the motion of the handle. to lower piston; eo the condiicthig-rod, 
which gives motion to the upper piston. It is evident, when the handle or 
Usfir is lifted, that the upper piston is pressed down, fa»d the lower piston is 
at the same time elevated, with its valves shut, which forces the water 
4liroiigh the*upper piston a^ 4he disciiarging*pipe at the same citation. 
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Aidd when the hfu^le is pi3ssed the upper piston riseswiih its vetves 
dosed, and the water in its ascension is iorced through the discharging* 
pipe ; at the same time the lower piston, descends, by which action its valves 
are OMned, and introduces a supply of water equal to the contents of the 
^liAaer, minus the capacity of both pistons. The peculiar advantages of 
th£i pump with double pistons are, that with a six-inch st^e it discSirges 
8 quantity of water equal to twelve inches of the cylinder : and so, in tliit 
poportion, by always doubling the quantity of the strike, wliatever it may 
be'; and bus ^rnishing a product lust equal to two common pumps of the 
same stroke and capacity of cylinder, and certainly with less than a pro- 
portionable, friction and Cipense. 

10. The yjtDnjps jbhat are usually emplojred for araining mines 
have many inconveniencies^ the principal of which we shall 
here .proceed to describe. 

1st. As it is necessaiy fbr the pumps, whilst sinking, to^ keep the water 
very low in the -pit, the engine frequently goes too fast, in consequence of 
the pump drawing up air, and carries up by the violence of the current 
small pieces of stone, coal, or other substances, and lodges them above the 
bucket upon the valves, which must considerably retard the working of the 
pump, and wear the leather. 

. 2dly. When the engine is set to work, (ai^r having been stopped whilst 
working upon air, and consequently a quantity of air remaining in the pump- 
barrel, with the small stones, &c. aeposited on the valves of the bucket,) it 
often happens that the compressure of the air by the descent of the bucket, 
is not sufficient to overcome the weight of the bucket-valves so loaded with 
rubbish, and the column of water in the stand-pipes ; the pump is thereby 
prevented from catching its water. The usual remedy for this is to draw 
the bucket out of the working-barrel, until a quantity of water has escaped 
by its sides to displace the air ; this evil 6ften arises from the unnecessary 
magnitude of the space between the bucket and the clack. 

3dly. The pumps being suspended in the pit by capstan ropes, for the pur- 
pose of readily lowering as the pit is sunk, the stretching of the ropes 
(especially when sinking in soft strata) occasions much trouble, by suffering 
the pumps to rest on the bottom and choke; but the most serious evil is, 
tliat the miners, sin shifting the pump from on# place to another, that they 
may dig in all parts of the pit, throw them very &r out of the perpendicular, 
thereby causing immense friction and wearing in all parts, besides endan- 
gering the whole apparatus, by breaking the bolts and stays, and straining 
5ie joints of the pipes. 

These inconveniencies have been obviated by Mr. William 
Bruiiton^ of Butterley Iron-works, in Derbyshire, who, to 
avoid the pump drawing air, has introduced a, side pipe, con- 
necting the parts of the working-barrel which are above and 
below the racket, which pipe has a stop-valve, that the 
miners can^regulate with the greatest ease, so as to keep 
the enme to its full stroke without drawing air, by letting 
down uie water from the upper partr of the barrel into the 
lower, 60 that it is working again in its own water. Instead 
of having the whole weight of the lower lift of pumps stand- 
ing on the bottom, it is fixed in the pit by cross beams, and 
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the miner has only to lift and move an additional pipe or wind* 
bore which slides upon the lower end of the pump like ek 
telescope^ to lengthen down^ and this additional wind-bore ia 
besides crooked, and turned aside like a short crank, which, 
by the facility with which it turns round in the leather collar 
about the nose of it, can easily be removed into every fresh 
bole which is -made in the bottom by the miners. The pumps 
are supported in the pit by beams placed across at proper 
distances, so as to suit the lengths of the pipes, or len^hs of 
the pump, which are nine feet. Short pieces are laid across 
these, with half-circular holes in them, which being put round 
the pump, just beneath the flanches, firmly support its weight, 
but may quickly be removed, when it ia required to lower the 
pumps in the pit ; and as they are not fastened by any bolt 
they do not prevent the pumps being drawn upwards, if it 
becomes necessary to take out the pumps when the pit is full 
of water. 

'The pumps by these means remain stationary, and^the 
suction-pipe lengthens as the pit is sunk, until it is drawn out 
to its full extent ; the whole column is then lowered to the 
next stanches, and another pipe is added to the top. The 
pumps being thus kept stationary till nine feet are sunk, the 
pipe at the top will of course deliver the water at the same 
level at all times, and instead of being obliged to lengthen the 
column at every yard sunk, it will only be necessary every 
nine feet. 

Fig. 949 explains the construction of Mr. Brunton’s pump, being a sec- 
tion through the centre of the working-barrel and suction piece. A is the 
door which unscrews to get at the clack of the pump ; B is the working- 
barrel with the bucket D working in it ; E is the clack, also shown in *figs. 
250 and 251 ; F is the suction-pipe, and G G a moyable lengthening piece : 
this slides over and includes the other when the pump is first Axed ; but as 
the pit is sunk, it slides down over the pipe F, to reach the bottom. The 
outside of the inner pipe F is turned truly cylindrical and smooth, and the 
inside of the outer pipe G, at the upper end for about six inches down, is 
made to (t it. Tlic junction is made perfect by leathers being placed in 
the bottom of the cup a a, which holds water and wet clay over them, to 
keep them wet and pliable, and consequently air-tight. The lower ex- 
tremity of the suction-pipe G terminates in a nose R, pierced with a number 
of small holes that it may not take up dirt. This nose is not placed in a 
line with the pipe, but curved to one side of it like a crank, so as to describe 
t'l circle when, turned round. 

By this means the miners, by turning it round upon the pipe F, can 
alwava place the nose R in the deepest part of the pit ; and when they dig 
* or blast a deeper part, thepb turn the nose about into it, the sliding tube 
lengthening down to reach the bottom of the hole, as shown in the Agure. 
By this means there is never a necessity to set a shot for blasting so near 
the pump foot as to put it in any danger of being injured by the explosion* 
as is the case of the common pump, in which this danger ca;i only b^ 
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avoided by moving the pump foot to one side of the pit, whidi neces^rily 
throws the whole column of pumps out of the perpendicular. 

The construction of the clack is explained by figures 250 and 251, the 
former being a section, and the lattef apian. L L is a cast-iron ring, fitting 
into a conicsd seat in the bottom of the chamber of the pump, as t^own in 
fig. 249 ; it has two stems, I /, rising from it to support a second iron ring 
; just beneath this a bar m extends across from one stem to another, 
and has two screws tapped through it ; these press down a second cross 
bar n, which holds the leather of the valves down upon the cross bar of the 
ring L, and this makes it fitst, forming the hinge on which the double valves 
open, without the necessity of making any holes through, as is common : but 
the chief advantage is, that by this means the clack can be repaired, and a 
new leather put in, with far less loss of time than at present, an object of the 
greatest importance ; for in many situations the water gathers so fast in the 
pit, that if me clack fails, and cannot be quickly repaired, the water rises 
above the clack door, so as to prevent any access to it, and there is no 
remedy in the common pump but drawing up the whole pile, of pumps, 
which is a fnost tedious and expensive operation. 

Id Mr. Brunton’s pump, the clack can at any time be drawn out of it, by 
first drawing gut the nucket, and letting down an iron prong Z, which has 
hooks' 4ili the outside of its two points ; this, when dropped down, will fall 
into the ring M, and its prongs, springing out, will catch the under side, and 
hold it fast enough to draw it up. Another part of Mr. Brunton’s improve- 
ment consists in the addition ot a pipe H, (fig. 249,) which is cast at the 
same time with the barrel, and communicates with it at top and bottom, 
just above the clack; at the- upper end the pipe is covered by a fiat sliding 

f )late, which can be moved by a small rod 5, passing through a collar of 
eathcr ; the rod has a communication by a lever, so that the valve can be 
opened or shut by the men in the bottom of the pit. 

The object of this side pipe is to let down such a propor- 
tion of the water which the pump draws, as will prevent it 
drawing air; though, of course, the motion of the engine will 
be so adapted as not to require a great proportion of the 
water to be thus returned through the side pipe ; yet it will 
not be possible to work the engine so correctly as not to draw 
some without this contrivance ; and if it does, it draws up 
much dirt and pieces of stone into the pump, besides causing 
the engine to work very irregularly, in consequence of partially 
losing its load every time the air enters the pump. Another 
service of the side pipe is, to let water down into the chamber 
of the clack to fill it, when the engine is first set to work, after 
the pumps have been. standing still, and the lower part of the 
barrel and chamber are empty, 

11. Figures 252 and 253 are a section and elevation of 
a three-barrel force-pump, of a very good construction, which 
was used by Mr. Smeaton in the numerous water-engines 
which he erected at London-bridge, Stratford, and other 
places, for the supply of towns with water. It has the ad- 
vantage of the valves being very accessible, and the water-way 
uiay be kept to the full size of the bai*rel without contractions^ 
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tphi€li| as they occasion great redstance to the^ motion of the 
water^ are a vraste of power* It acts on the same principle 
as the ordinary forcing-pump^ only that three barrels are cOn« 
nected together for the adrantage of raising a constant stream 
of water. 

A A are the barreU, which, are but truly cylindrical. If the puftp 
is small) the barrels are usually made of brass; but jS>r larger work, casuiroa 
is»used. From one aide) near the bottom of each) pipceeds a curved pipe B) 
turning up) and ending with a flaaach> macrew tp die imder.sidp of the mrcing- 
ehamber L There is ahKV nearthe bottom at tha opposite side of the barrel^ 
a projecting neck or shcjii pipe D), covered at ihe epd^by a door screwed OO) 
that it may be removed to give access to the valve ai) in the bottom of 
the barrel. The barrels have proj^ing rings .or flauncbeS) by which they 
are screwed down upon the suetton-chamber IjUp^ch is common to aU 
thfee.baTTdfl ; it ba^a, pipe from .each of its rods terminating in a flaunch A, 
to screw on the pipes which bring the water to ,the pump* The upper 
flaiineh) or top ot the suctipn-chamber H, has three holes in it, one under 
each barrel) and each is covered by a valve shuttior downwards^ as is shown 
in the section) fig. 252. These valves are made of iron, to shut doem upon 
hinges like a door, sjid are. covered with leather at the lower side. 

Mr. Smeaton made his valves with the centre-pin of the 
hinge removed bacWards from the hole which the valve 
covers^ and it is also rairad above the surface.of the under side 
of the valve; by which means the Valve opens in fik>me degree 
on that side where the hinge is, as well as on the other, and 
any obstruction getting into the valve will be less liable 
to be detaWd; and vnll not have such a great leverage to 
break the hinge of the valve when the force of the water shuts 
it down, as it would if the hinge was on a level, and close to 
the edgb of the hole, because the obstacle will not be so near 
the centre. 

« The hinge fasteiied to the pump by the screw ic, passing through the 
metal) and screwing into the hinge ; this being withdrawn, and the door D 
^en^) the valve is quite loose, and may be taken out to renew the leather. 
% give ^ility to this, the doors D are made oval, as shown in hg. 253. 
Anther similar valve n is< fitted at the top of each of the pipes B, to cover 
their i^;>ertures ; they are idl covered by a common forcing-chamber L, 
wluch 18 exactly simuar to the suction-chamber, except that it has nozles R, 
IP the top over each valve, and covered with doors to give access to them. 
The conducting-pipes are carried away from either end of the forcing- 
chamber, fiaunches being provided to unite them. Each barrel is fitted wiSi 
n pistou or forcer M, which consists of three metallic plates, secured to the 
rod : the middle plate is turned true, and fitted as accurately as possible to 
the barrel ; the upper and lower plates are somewhat smaller. Two round 
pieces of leather, larger than- the barrel, are placed above and below the 
niddie plate, being held fast between it and the upper and lower plates. 
Hlien mrcadinto the barrels, these leathers turn up and down round the 
upper and lower plates, forming two cups of leather, which accurately fit 
the barrel) and wul not permit any fluid to pass by them. 

The pi^ of the pump are hatmed together by screws and nuts, as will 
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lw:«iiters(oed hf inspidi<» of tlvk %ui^; Tbe irholo pvmo is topj^orted 
^'twp^gixMiiMUiils, uid moans of two tt the suotiooh 

<;)iainber the whole pump is hoilted down upon the gmun^iUs. 

The action cl this pump is sunfijy Ihie : when the piston or 
forcer of one barrel is raised, it causes a vacuum in it, and 
Hhe pressure of ^e atmosphere forces the water up the suction- 
pipe H, (if not'more than 30 or 33 feet,) opens the valve m, 
m the bottom of the barrel^ and fiUs it vfith water; on the 
descent of the forcer, the lower valve shuts, and the forcing 
valve n opens, by the water the barrel contained being driven 
through It into the forcing-chamber L, and thence to any 
place 'whither the forcing-pipe is carried. On the reascent 
of the forcer, the lower vfdve m opens, ^d the shutting of 
the forcing-valve n prevents the water ^turning into the 
barrel, llie three forcers work up and down dtemately, so 
that w]^ile one barrel is sending water up the force-pipe, the 
others are lifting it up the suction-pipe, and the tmrd con- 
tinues the action in &e interval, when the change of motion 
takes place between the two. In tins manner the pump will 
raise a very constant stream of water, if the forcers are 
worked in a proper manner ; whiqh is beat done by means of 
cranks, placed at such an angle to each other, upon the same 
axis, that they will act in due succession. 

12. English ships of war carry four chain-pumps and three 
hand-pumps, all bebig fixed in the same well, which also 
includes the mainmast. 

Tlie- chain-pump (fig. 254) is no other tihan a long chain A, with a suffi- 
cient number of pistons, o, called buckets or saucers, fixed upon it at proper 
distances; it passes downwards through a wooden tube B, and returns 
upwards in the same manner, on the other side D, the ends being united 
together. The chain is extended over two wheels, E and F, called sprocket- 
wheels; one is placed over the tubes B and D of the pump, .and the other 
at the l^ttom in the space between the two tubes through which the chain 
ascends and descends. By tumiiig tlie upper wheel E, the chain of buckets 
is put in motion, and the lower pait of the wooden tube, in which the chain 
ascends, is lined with a brass barrel, in which the saucers are fitted. As 
they are continually ascending in this tube, they raise a constant stream of 
water, which runs off from the top of the ascending trunk, ai^ is carried by 
a trunk through the ship’s side into the sea. Hie ppmp k worked by a 
.crank or winch G, fixed on the axis/if the upper wheel, whereon several men 
may be employed at once; and thus it discharges in a limited time a much 
‘greater quantity of water ffian the common pump, and that with less incon- 
venience to the labourers. 

13. The chain-pump now in use in the navy is^ of a very 
improved construction,, conmared with original chain-pumps. 
It was introduced by Mr. Cole, under the diirection of Capt. 
Bentiuck. The chain of this machine is simple, and hot 
much exposed to damage. Itts exactly similar to that of the 
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fire-engine, and appears ta have been first applied to the 
pump by Mr* Mvtne, to exhaust the water from the caissons 
at BWkfriars-bndge. It has thence been transferred to the 
marine by Capt. Bentinck, after having received some material 
additions to answer that service. 

The links of the chain (fig. S55) are each formed 6f< two lonj[ plstss. of 
iron, < with a hole at each end, and* fixed together by tvro bolt^ serring 
as pins for the joints. The buckets or saucers fixed upon> it dre two circular 
plates of brass, with a piece > of leather between them. The sprocket- 
wheels" for the chain are formed in the same manner as the trundles used in 
mills, by two iron wheels fixed at eight inches distance upon the axles, and 
united by several round iron bolts, forming a rest for tne chain ; and its 
links have hooks, h, which are taken by these bolts, and thus' the chain is 
secured upon the wheel^ to prevent it from jerking back when charged with 
a column .of water; 

This pump was a great improvement upon the old chain- 
pumps- Used in ships before, m which the chain was^of too 
complicated a fabric, and the sprocket-wheels used to work 
it were deficient, in wanting some contrivance to prevent tiie 
chain from sliding or jerking back upon the sui^e of the 
wheel, which frequently happened when the buckets were 
charged with a considerable weight of water, or when the 
pumps were violently worked. The links were too short, and 
the awkward manner in which they were connected, exposed 
them to a great friction in passing round the wheels : hence 
they were sometimes apt to break or burst asunder in very 
dangerous situations, when it was extremely difficult or im- 
practicable to repair the cltaiu. 

Me. Cole’s pump is so constructed, that the chain may 
be jeasily taken up and repaired, when broken or choaked 
with ballast ; and it discharges a much greater quantity of 
water with an inferior number of men, as appears from a trial 
of this machine with the old chain-pump, aboard the Seaford 
frigate, where it^was found that its effects, when compared 
with the latter, were as follows : — ^^he new pump with four 
men raised one ton of water in 4 ^^ seconds, while the old 
pumjp required seven men to rmse the same quantity of water 
m 7o seconds. 

In. this experiment the chain of the new pump was pur- 
posely broken, and dropped into th^ well, and afterwards 
taken up and repaired, and set to work again in two minutes 
and a half ; then the lower wheel of the pump was taken out, 
to show how readily it might be cleared and refitted for 
action, after being choaked with sand or ^aveli whteh could 
be performed Jn Wr or live minutes. These are advantages 
which> with a seaman, havc^a superior consideratibn to that 
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of increasing the quantity of water which the machine will 
raise, unless it was in a considerable degree ; and indeed the 
very best pumps will not raise a much greater proportion 
with the same power. 

. The only alteration which has been made on Mr. Cole’s 
pump, since its first introduction, n^r thirty years ago, is, 
that they now omit the lower sprocket-wheel altogether, the 
ascending and descending pipes being so united by a curved 
metal tube, tjhat the chain passes better than if a wheel was 
used. The cranks are made to take off, and apply, when 
wanted, that they may not be in the way; they are long 
enough for thirty men to work at once ; of late it has been 
proposed to add fly-wheels to them. This would be attended 
with but slight advantage, and several inconveniences from 
occupying that room where the men should stand to work, it 
being an object to employ as many as possible; but if they 
are crowded, they only incommode each other instead of 
assisting. 

14. The following simple and ingenious method of working 
a ship’s pump, when the crew are either too few in number, 
or too much exhausted to attend to that duty when the per- 
formance is most necessary, namely, in a heavy gale, was 
put in practice with great success by Cwt. Leslie, of the 
ship George and Susan, on a late voyage from Stockholm to 
North America. He fixed a spar aloft, one end of which 
was ten or twelve feet above the top of his pumps, and the 
other projected over' the stern ; to each end he affixed a block 
or pulley. He then fastened a rope to the spears of the 
pump, and after passing it through both pullies along the 
spar, dropped it into the sea astern. To the rope he fastened 
a cask of 1 10 gallons measurement, and confining 60 or 70 
gallons of water. This cask answered as a balance-weight, 
and every motion of the ship from the roll of the sea made 
the machinery work. When the sterii descended, or when 
a sea or any agitation of water raised ' the cask, the pump- 
spears descended ; and the contrary motion of the ship raised 
the spears, when the water flowed out. The ship was cleared 
out m four hours, and the crew were of course greatly 
relieved. 

16. Hand-^umps hav^been constructed in ^eat variety 
for the use of ships ; and as they are of great utility, we shall 
describe two or Uuee of the best. 

The ingenious Benjamin Martin invented a ship’s pump 
with two barrels drawing from one suction-pump, so as to 
raise a constant stream. 
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This immp hM to much merits that wt hm given h section of h, ftg. 
llese A is the suction-pipe, conducting the water from , the ship’s hold tm 
to the pump, where it is enlacged to communicate, with both barrels D.li^ 
throu^ the valves C C, in the bottom; £ £ are the pistons of the barrets, 
with double valves in them ; they are not, like oUier pistbns, fitt^ to slide 
in (he Ihurrels, but ate simply brass rings, in which the valves are fitted, and 
being smaller than the barrels, Jhave large circular pieces of leather fii^ on 
them, the outside edges of wh^ are attached to tiie insides of the pump- 
barreis ; hence, when ^e pistons are moved up and down, the leather ^Ids 
' sufficiently to admit the motion, as Is shown in the l^ure ; but being close 
all round, these pistone can haVe no leakage or iriOtiott, and only a Small 
resMtance fiom the stiffness of the leather. 

To fasten the edges of the leather piston to the barrels, they are made in 
two lengths, an upper and a lower, and the leather is intrtmuced in the 
joint between them, being half fast, and the pump kept together by bars 1 1, 
fixed over the barrels, and bolts to press the upper length of the barrels 
down upon the lower. Both the barrels are included within a box or cis- 
tern B B, dxed upon the ship’s deck, with trunks L 1^ which carry off tha 
water as it runs over the t<m of the barrels into the cistern. The pump is 
worked by piston-rods H H, being united by chains to a wheel K, the axle 
of which IS supported by standards from the sides of the cistern B B, and 
is put in motion by the double lever M, at the end of which cross handles 
are foed for several men to work at once. Mr. Martin’s pump acts ex- 
tremely well; th( constant stream raised by the alternate action of two 
barrels upon one pipe, produces an advantage that was shown by experi- 
ment, for the wat^r not only rises while the piston rises, but continues to 
do so even after the piston begins to descend; and therefore the pump was 
found to deliver more water than was expected from the calculation of the 
contents of the barrel, and the number ot strokes made. 

To account £or this, it must be considered^ that as this 
pump has both its large pistons working (dtemately ascending 
and descending) at the same time, there'must be produced a 
constant rising column of water in the pipe, whose velocity 
through a bore of five inches, to supply the barrels of twelve 
incnes diameter* each^ must be so ^at, that it cannot be 
dbecked or stopped afe once, or upon the first descent of the 
piston ; and therefore a surplus oi water is produced. Not- 
withstanding these advanta^s of Mr. Martin’s pump, it has 
objections, which are serious obsts^les to its use on board 
ships, though in ofhOr «it^iOAS it is a good machine : these 
are, the shortness of Its Stccdse, which renders it very fatiguing 
fermen to work for a longtiities but another more serious 
objection is, that the leather woiiM, in general, remain dry^ 
and thus become liable to harden and grow stiff, sO as to 
breSktntoholes. when used at firs^lBefore they become^KMiUed, 
and to fiU AO cistmi fimb wkh water wopld be very treidde^ 
some. * , ^ • V- . 

16. The latest imfhbyefoents in hand-puihps are byCapt. 
Jehyl, R.N. Ibis gehtlesian has invented an addition to dfh 
pump of an air-vessel, and stufifing-bok for the roil to paki 
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thraag^ l^ wUdi it wifl caia* tiie watw to a greater fieigtn 
than tlM'liead of thg pmap { and a hose bong attaded to die 
sitnple moans, the water is conveyed to 
of the Ibhip, and thrown in' a jet through a hoserp^ 
witt gniat fbroe^.to extii^sh fira, such a cdacuity abo^ 
"befidl,«airif>9 and thus ue panqi is rendned of twoftdd serr 
fiC6: of-converdiw die pui^to a fire-engine is not 

new, hatrihg been attetnjptedTdmany dqfenen hyforcing- 

punqps } kit tilese hai^ng ^pea jpK|iwediiig.^m .&e Idwer 
parts of .the harrels and valvei^ vriudieae not voy accesdUe, 
are always Uabte to ehokt ^ by obStraotM^ and have not 
succeedra in.general use. 'nie air-vessel has always been in 
the way, if made of a sufficient size to answer the purpose of 
equaUzmg the stream. Capt. Jekyl has obviated theim objec- 
tions, and without altering the material puts of the hand- 
pump, has rendered it as complete a fire-en^e as can be 
wished. 

This is explained bv iigure 257, which is a section of the |pump through 
its whole length. A B C is th4 iron braJce o^tever to work it ; it is branched 
to the extreme epd, and has a wooden pole Q fixed in' it, tot seTeral men 
to hold at oncef^D is the iron stanchion or*ftilcrum of -the brsdce) it is fixed 
to the pump-head by means of strong iron hoibpe at £ E and F F, which at 
the same time strengthen the Work of the pump. The centrO-pin is to be 
at the height of two feet six inches above the shtp*8 deck. H are the slings 
of the pump, united by a forelock or pin to the end of fire bn^o, and sus- 
pending the pump-^ear I, by means ox the joint-miece I R is the 

spear, made of copper in the upper part I, and tne'lower leWg^hTC orhbn ; 
the latter has the bucket IVTattaqlled to it. The Mve of the bucket is m'lBb 
In a very simple and effective manner, the vtBve beihg merely a round plate 
of brass, with a hole through' the centre^ to receive the rod updn which it 
rises and falls, lind covers the aperture in the bucket The bucket is a rk^ 
of brass, With a cross bar to fix the rod in ; it is mjide in two thicknessej^, 
one above the other, and a cUp of lekihw is held in between them, pvbjedting 
all round the upper part of the bucket, and turning up, to male h tij^t 
fitting in the barrel, two rmgs of the budxet are held together by nie 
piston-rod passing through both, and a cross wedge beneath. L is the 
chamber in which the bucket woriui ; it is well fitted into the wood of 
pump-tree, im that fit'e water caxmot leak by it, and is bored smooth vdthhi- 
side. ‘ * " . ■ 

'N is the lower hex, fitted interfile lower part of the puit^tree^ beneafii 
the cbambei:; it has a groove round it, into whidi odkum *is placed, and 
when it is put down, jpakes a fight joint; its valve is of the^same construc- 
tion as thixt of fiie bucket, the addition of a ring or eye on the tdp of 
file pin, on which: 4ia valve HsUf and falls. . 1^ this, ^ye the box can be 
drawn up when ii n/se^ eepair, by firsidrawiwup the bucket of ]the pump, 
^ud putting an iron down into, tins eye.. OOP is the air-ves$eF; tmS is a 
t^Jinder df sneet-^eoippery sddexed tb n coyer of bew; withm'ihe eenftre of 
ft is afhbe Idtewfte soldereff'td the co^, tbrdtt^ which the copper pmup- 
mar passes, and is fitted round tfitop^vi^-S «9llarie|4fidher anditmBng. 
To^focevent fibuiestapewfiibft Wafer, ft is paSked^wfthfhemp, UPd two rings 
fiFleafiier. ^ Kefoemdieplsiea wf twwft^a lifted thikigh Ih# head of 
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the pump> and confining the cover OO^of die air-vessel; th^ are fiistea^ 
by the wedges d ; it is by these only that the i^yessel is held down^ a circle 
of leather is first put round the air-vessel, just beneath its lid, and this being 
pressed upon the recess in the wood, makes the joint tight. T is the pnmp- 
nozle, which delivers the water. * When it is used as a fire-eb'gine, a hose 
is'fis^ on by its link-joints, and keys or wedges; the nozleis fixed to the 
pump by four screw-bolts going through the tliickness of the pump, and it 
IS fixed in such a direction as will most conveniently le^ to a receiver, 
fig. 258, which unites the hose from all three of the ship’s^ pumps. 

Fig. 259 is the link-joint of '4he hose, T representing the pump-spout, 
made of cast-iron, and screwed tb die pump-tree ; ee is the collar or socket, 
made of brass, with the hose X ttaiUia upon it ; this heSi two trunnions, on 
which a link/ is fitted, one on each side ; these links pass through grooves 
in the cast-iron piece T, and a key ff, put down through the link behind it, 
draws the joint tight, without anV screwing or further trouble. The socket 
ee is fitted into the nozle, and has a leather ring to make it tight. The 
outside of the pump is to be hooped at every three feet, to prevent it from 
bursting by the pressure of the water. The disposition' of the three hand- 
pumps in a shipS well, renders (heir connection with a common receiver 
veiy convenient to bring all the water into one stream, which will then be 
very powerful, and more capable of extinguishing a fire than any movable 
engine. 

Two hand-pumps are always placed on the starboard side of the main- 
mast, in the well ; and one of them being the cistern-pump used for washing 
decks, its foot stands in a small cistern &ed upon the step of the mainmast, 
and supplied with water by a pipe through the ship’s side, with a cock to 
admit It at pleasure ; there is one pump on the larboard side of the mast. 
Three separate hoses being united with each of the pumps by a link-joint, 
like fig. 259, at one end, and with three necks k k k^ of a receiver, fig. 258, 
by similar joints at the other, brings all the water into one, and a hose being 
joined by a link-joint, /, to the opposite end of the receiver, conveys the whole 
water to any part of the ship, ^e receiver has three nozles, k It k, at one 
end, made in a divergent direction, agreeable to the direction in which the 
hoses come from the three dififerent pumps, and a valve is placed inside, 
before each hose, to open inwards, in order that the receiver may be used 
for one or two pumps, whilst the others me repairing or getting ready, or 
that if any of the hoses burst, the water may not escape from the receiver at ‘ 
the nozle. There are two handles fixed to the receiver, to lift and carry it, 
as it is to be movable ; and when in use, is proposed to be laid upon the 
grating of the main hatchway, as the most central situation, from whence 
the hose may be carried in any direction. Z is a branch-pipe or jet, screwed 
at the end of the great hose X ; and it also unscrews at the extjjMe end, to 
fit on .jets of different bores, in the same manner as all other m^engines. 
In working, the nressure of the water condenses the air contained within 
the receiver, O 6 P, into a small space, and its reaction to resume its 
former bulk, equalizes the efflux of the water from the nozle of the pump. 

Jn some experiments which we have witnessed upon this 

n , it performed afi well as could be desired, a single pump 
ag a very effective en^e ; but when the three were 
combined, it was superior in force to an/ we have ever seen, 
and would throw a stream of an inch in diameter over the 
maintopmast-heiid of a 74-mn ship. 

Besides the length of the handle C admitting several men to work at 
once, an accession of force is gained by a rope made fost totbe brake AB, 
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4ttid sondacted through a single block hooked to the deck at m, and thence 
belong the ship’s d^; at this any number- of men may be employed 
Teiy adTantageousIy to produce the stroke, leaving those at the handle only 
to return it by lifting the handle. If the ship proves leaky, and the stuffing- 
box is thought to be an obstruction to the working of the pump, the air- 
vessel may be taken out by drawing the wedge d, and taking out the bars R, 
which confine^it ; then after taking oat the key which connects the joint- 
piece g with the coj^r rod, also removing die brake, lift out the air-vessel 
by the two screws of the stuffing-bo^ and fix on the joint>piece again, but 
fix the guide-eye H In the lowest pair of holes. So that it will receive the top 
of the copper rod, and prevent the pump-spear from having any play in the 
slings. 

In this State it acts as a common hand-pump ; but the air- 
vessel can be restored to its place^ and be ready for work, , in 
two minutes. 

To prevent any of the work from being neglected from 
carelessness, the inventor proposes that one of the pumps 
shall be always used to wash die ship by the hose and jet 
every morning, which it would do much more effectually than 
by the present mode of raising the water into buckets ; and 
the force with which the jet of water is thrown would very 
completely wash into every recess of the gun-carriages, and 
other places where a brush cannot reach; while by this con- 
stant exercise the pumps would be always ready, at a mo- 
ment’s notice, upon an alarm of fire. 

17« Mr. Robert Clarke, of Sunderland, has proposed a great 
improvement in the mode of applying men’s force to pump- 
ing, which is worthy the consideration' of seamen. It is to 
change the posture of standing to sitting, and making the 
action the same as that of rowing, which, besides that it is 
by philosophers considered as the most efficacious application 
of a man’s force, it is to seamen most particularly so from 
their habitual practice of it. He objects to the ordinary 
action of pumping with a brake, as the posture is weak, and 
requires much force to preserve it. It oppresses .the man by 
overstrdliching his loins on one side, and incommodes respira- 
tion by the flexure of the body on the other side. Too much 
motion of the shoulder-joint is required, as the muscles which 
act on the arm-bone at this joint are disproportionate to the 
effort they must make when the arm vibrates on the shoulder- 
joint as a centre, for the force to be communicated by the 
hand. Besides this, the arms themselves are at one instant 
enfeebled, by being thrown over the head, and requirin^^ a. 
pull, and the next instant require a pushing effort, which 
changes of direction in the exertion find restraining force are 
too continual and rapid for long continuance ; in staading 
the body is a continued dead weight upon the kgs. 
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The action of rowing is powerful to a suffirising degree^ 
and so well adapted to' a man's ease, that he can contlnoe it 
a greater length of time without fatigue than any otlter mode 
of exertion ; for though the motion is large^ it is made up ct 
easy^^motions in several joints, the velocity and resistance 
of'Wluch suit the muscles^employcd. Very HtUe sustainiiig 
force is required, for the body is supported, and returns 
unloaded to its cWge: the breathing is free. The manner 
of carrying this into effect is very simple, the lever or brake 
being bent at right angles at a certain pin, so that it ban« 
straight down when it is at rest, instead of being horizontal; 
then to the lower extremity a rod is jointed, which is carried 
rather in an inclined direction upwards to the seaman, who is 
seated before the pump with a rest for his feet. The rod has 
a cross handle, to hold by both hands, and in some cases it 
may be made long enough for two men to sit side by side on 
the same seat ; and by drawing and pushing it in the same 
manner as rowing, the perpendicular lever is caused to vibrate, 
and the horizontal arm or bended part, which suspends the 
pump-spear, partakes of the motion sufficiently for pumping. 

18. M. de Bonnard, speaking of the pistons of pumpsy in 
the Journal des MineSy states, that the leathers with which the 
external circumference of the pistons of pumps are covered, 
are quickly worn out by the continual friction which they 
undergo, and the renewing of them is an object of considerable 
expense in large mining undertakings. 

They have therefore used in Saxony,' for some years past, 
pistons without these external leathers in sucking-pumps, 
and to render the upper part of the piston elastic, by com- 
posing it of pieces of wood, which expand or open when the 
piston rises, and close when it descends. ' 

To obtain this effect, the part of the piston which forms a bucket, is 
composed of^a system of small movable pieces of wood a a a, ^ures 260 
and 261, cut obliquely, and disposed so as to cover each other nearly half 
their breadth ; a leather which covers die upper surface of each of these 
pieces, serves to sustain them, and yet allow them sufficient play> To the 
under part of the some, pieces of leathei^ are attached, which afford- thr all 
the elasticity that is necessary. These leathers are received into slit^ that 
are cut round the piston, and directed obliquely to its edges ; they are fixed 
to the. pieces of wood by nails, the extremities of which correspond with the 
notches c ec, and to the edges of the solid part of the piston the screm 
ddd. Byr this disposition etch piepe of wood is movable upon h sort ^ 
horizontal hinge, and when the piston is rsused, the weight of the water with 
whick it is charged, by opening all these pieces, causes them to press one 
against the other, and against me sides rr of the barrel of the pump, so as 
not to let any of the water escape, and to produce completely theeffect^of 
a piston furniafapd. vni&i leatip'.. Thn interior- edges of.eich o| thejiiniilitfif 
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the mo^aole pieces ace covered two by two with leather as at # fig. 
upon which mjweight of the water acts as upon the pieces diemsdves. 

All these leathers last a very long time, as well as those of 
the suckers, because they are not exposed to any finction, 
which only acts upon the movaUe pieces of wood. «When 
the piston descends, the water tiiat raises the suckers finds 
an easy passage, without filtering between the piston and the 
interior of the terrel of the pump ; an effect which has this 
additional convenience, that no dirt can be introduced into 
the joints, which might afterwards prevent the perfect contact 
of the different pieces. 

In 1808, these pistons were tried in several mines in Saxony, 
and were found very satisfactory. It was only observed that 
there was some inconvenience attending the use of them where 
the wells were much inclined; as the pressure of the water 
above not being equal upon all the movable pieces of the 
piston, those that were least pressed upon let some of the 
water pass between them, l^ese inconveniences however 
exist only in the ordinary, pistons. 

In some departments pistons with springs are sometimes 
used, which are composed of movable rubbing-pieces, that 
arc substituted for the leathers that arc ordiiianly employed. 
VVe know that these pistons are used with advantage in the 
cylinders of some blowing-engines ; but in these pistons the 
rubbing-pieces are constantly forced against the interior sur- 
face of the cylinder by the springs 

In the piston with the flexible crown of wood, which 
M. Bonnard has described, the movable pieces of wood that 
compose it do not rub against the interior surface of the 
barrel of the pump, except when the piston ascends, being 
then pushed by the weight of the column of water that is 
raised, and they scarcely rub at all against the surface when 
the piston descends. 'Iliis peculiar effect assimilates this 
piston v^h tliose that have a flexible crown of leather, or 
a bucket, and gives ft a decided advantage oyer pistons, with 
springs and cushions. In other departments pistons with 
springs are* sometimes used, which move in cylinders of 
cast-iron. 

These pistons are composed of four pieces of brass, aaao, figures 262 
smd 263, which ate each ibout three c^tiitietres in height and thickness, 
and are pushed horizontally by two springs, bbbb. Those pieces, which 
we shall call quadrants, in order that none oT the air may escape when they 
play under the inequalities of the cylinder in which they rise and descend, 
are each of them something longer than a quarter of the circumference of 
the cylinder, and towai^ the extremities they are reduced to half the 
thickness; 

By this means, these quadrants am perfectly covered at the extremities, 

r2 
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and prpveQt the passage of the air in a horizontal direction, while the springs 
bbbb. prey^t its passage vertically. 

In contusion we shall observe, that these pistons, perfectly 
joined, have' been proved to be proper for driving air with 
greauor^e. We shall likewise observe, that the quadrants 
a b^ing made of brassy and rubbing against cast-irdh, 
ought to last a very long time ; consequently, . the blowing 
here mentioned have the advantage of not requiirihg freq^uet^ 
repairs. ^ . . . r ' 

19. The following piston^ described and.recbmmen^d'.hy 
fielidor, seems as perieet as the nature of Ihings will MloiV. 
We shall therefore describe it in the author’s own words,; as 
a model which may be adopted with confidence in the greatest 
works. 

The body of the piston is a truncated motal cone, (Ag. 264,) having 
a small fillet at the greater enld. Fig. 265 shows tl{i^ profile, and fig« 266 
the plan of its upper base, where appears a cross-bar D D, pierced with an 
oblong mortise £ for receiving the tail of the piston-rod. A band of thick 
and uniform leather A A (figs. 265 and 267) is put .xoiuod this cone, and 
secured by a brass hoop B B, firmly driven on its smaller end, where it is 
previously made thinner to give room for the hoop. 

This piston is covered with a leather valve, fortified with metal plates G G 
(fig. 268.) These plates are wider than the hole of the piston, so as to rest 
on its rim. Hiere are similar plates below the leathers, of a smaller size, that 
they may go into the hollow of the piston ; and the leather is firmly held 
between the ' metal plates by screws li H, which go through all. lllis is 
represented by the dotted circle J K. Thus the pressure of the inepmbent 
column of water is supported by the plates G G, whose circular edges rest 
on the brim of the water-way, and thus straight edges rest on the cross-bar 
D D of. figs. 265 and 266. This valve is laid on the top of the conical box 
in such a .manner that its middle F P rests on the cross-bar. To bind all 
together, the end of the piston-rod is formed like a cross, and the arms M N 
(fig. 269) are made to rest on the diameter F F of the valve, the tail E F 
going through the hole E in the middle of the le^er, and through the 
mortise E of the cross-bar of the box, as well as through another bar, Q R, 
(fi^. 267- and 268,) which is notched into the lower brim of the box. A key 
y is then driven into the hole I, in the piston-rod ; an^ this wedges air fast. 
The bar Q R is made strong ; and its extremities project a littfe, so as to 
support the brass hoop'B B, which binds the leother band to the piston-box.’^ 

This piston has every advantage of strenj^h, tightness, and 
largie water-way. The form of the valve (which nas given it 
the name of the hutterjfy'-vnlv^) is ex.treniely favourable to 
the passage of the water; and as it has but half the motion, 
of a complete circular valve, less water goes back while it is 
shutting. 
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FI REr ENGINES. 

When fire breaks out in a crowded neighbourhood^ it car- 
ries with it such devastating effects^ that any individual wbdl^ 
has seriously turned his attention to the coiistructiqig. of an 
engine that is in the least calculated to ch^k its pir^ess^ 
must ever be considered as deserving of oiir praise. TTiose 
who have most beneficially directed &eir attention this wav 
are Messrs. Newsham ana Rowntre^^, whose engines we shall 
now proceed to describe. ^ 

1. A perspective view of Mr. Newsham’s fire-engine^ ready 
for workings is represented in fig*. 270. 

It consists of a cistern AB, about three tiroes as long as it is broad, 
made of thick oaken planks, the joints of which are lined with shecft copper, 
and easily movable by means of a pole and cross-bar C sr, the fore part of 
the engine, which is so contrived as to slip back under the cover of the 
cistern and on four solid wheels, ’two of whicn are seen at D and K. The 
hind axle-tree, to which the wheel £ and its opposite are fixed, is fastened 
across under the bottom of the cistern ; but the fore axle-tree, bearing the 
wheel D, &c. is put on a strong pin or bolt, strongly fastened in a hori- 
zontal situation in the middle of the front of the bottom of the cistern, by 
which contrivance the two fore-wheels and the axle-tree have a circular 
motion round the bolt, so that the engine may stand as firm on rough or 
sloping ground as if it were level. 

Upon the ground next to the hind p^art of the engine may be seen a 
leather pipe F, one end of which may be screwed on and ofl' upon occa- 
sion to a brass cock at the lower end of the cistern ; the other end is 
immersed in water, supplied by a pond, fire-plug, ixA. and the pipe 
becomes a sucking-pipe for furnishing the pump of the engine by its work- 
ing, without pouring water into the cistern. To the hind part of the cistern 
is furnished a wooden trough G, with a copper grate for keeping out 
stones, sand, and dirt, through which the cistern is supplied with water 
when the sucking- pipe cannot be used. The fore part of the cistern is 
also separated from the rest of its cavity by another copper grate, through 
which water may be poured into the cistern. Those that work the pUmps 
of this engine move the handles, visible at the long sides, up and down, and 
are assisted by others who stand on two suspended treadles, throwing their 
weight alternately upon each of them, and keeping themselves steady, by 
taking hold of two ‘round horizontal rails HI, framed into four vertical 
stands viSlch reach the bottom of the cistern, and are well secured to its sides. 

Over the hind trough there is an iron handle or key K, serving to open 
or shut a cock placed under it on the bottom of the cistern, the use of 
which we shall explain in the sequel of this article.. L is an inverted 
pyramidal case which preserves the j)umpa< and air-vessels from damage, 
and also supports a wooden frame M, on which stands a man, who, by 
raising or depressing, and turning about the snout N, directs the stream of 
water as occasion requires. This spout is made of two pieces of brass pipe, 

' each of which has an elbow ; the lower is screwed* over the upper end F, 
(fig. 271,) of the pipe tliat goes through the air-vessel,' and the upper part 
screws on to the lower by a screw of several threads, so tiuly turn^ as^ to 
be water-tight in every direction. The conic form of the spouting pipe 
servea for wiredrawing the water in its passage through it, which occasions 
a friction that produces such a velocity of the jet as to render it capable of 
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brdlakina windows, 8cc. wKilst 11*3 ralves and leather pipes of the engine 
hare sufficient water-way to supply the jet in its greatest telocitv. lather 
pipes of considerable length may be screwed at one end of the nozle of 
Bie engine, and furnished at one end with a wooden or brass pipe for 
guidipg the water into the inner parts of houses. 

Beiween the pyramid-box L, and the fore end of the engine, there is a 
strong itbn bar O, lying in a horizontal position over the middle of the 
cistern, and playing in brasses supported by two wooden stands ; one of 
which, P, is placed between the two fore stands of the upper rails, and the 
other is hid in the enclosure ov^r the hind part. Upon proper squares of 
this bar are fitted, one near each end, two strong brass bars, whiqb take hold 
of the long wooden cylindrical handles, by means of which 'the engine is 
worked ; and the treadles by which they are assisted are suspended at each 
end by chains in the form of a watch-chain, and n^ceive their motion jointly 
with the handles, that are on the same side, by means of two circular 
sectois of iron fastened together, and fixed upon proper squares of the 
middle horizontal bar; the two fore ones may be seen at Q; the two bind 
ones, represented upon a large scale in fig. 272, differ from the former only 
in thickness, for the fore sectors are made to carry only one chain each, 
fastened by one end to their upper part, and by the lower end to the 
treadles ; whereas the sole of the two hind sectors is wide enough to carry 
two chains each ; one set fastened like those of the fore ones for the motion 
of the treadles ; and the other two chains are fastened by their lower ends 
to the lower part of these sectors, and by their upper ends to the top of 
the piston-bars, in order to give them motion. See fig. 271, in which the 
hind sectors and their apparatus are represented as they would appear to a 
person standing between the two fore wheels, and loolung at the hind part 
of the engine. 

The square over the letter A is the section of the middle bar, on which, 
right over the two barrels, are placed the two sectors B C A and D £ A, 
forged together. F G H K and fg h h are the two piston-rods ; and the 
openings between the letters GH and gh, are the spaces through which 
the hind parts of the two treadles pass. L and M represent two strong 
studs, rivetted on the other side of the bars on which they are placed ; and 
to each of these is fastened a chain like a watch-chain, and fixed by their 
upper ends to the upper extremities Band B of the iron sectors, by which 
they are drawn up and down alternately. These sectors give also an alternate 
motion up and down to the piston-r^, by means of two other chains less 
white in the figure, in order to distinguish them from the others ; these are 
fastened by their lower ends to the lower extremities of the sectors £ and 
C, find their upper ends, terminating in a male screw, are made tight to the 
piston-rods at F and/, by two nuts. 

The shape of the piston-rods, and the size and situation of the chains 
that give them motion, are so contrived, that the vertical axis of the pistons 
is exactly in the middle of the breadth of the perp^dicular part of the 
chains, and the upper part of the piston-rod taken together. F Q repre- 
sents one of the two cross-bars through the ends of which pass the handles 
to which the men apply their hands when they work the engine ; these 
cross>bar 9 are fitted on the middle bar at some distance from the sectors. 

The other parts of this useful engine may be understood by the help of * 

» . 271, which represents a vertical section taken through the middle line 
the hind part of the engine, as also the section of the air-vessel, and that 
of one of die barrels, and likewise the profiles of the hind sectors, and 
several other patts. A B is the section of the bottom of the cistern, and 
thet of the hindmost axle-tree. D£ is the vertical section of a strong ' 
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piete of eaii britt or jaaod metal, 90 worked pB to ,liaye a ho)loie to it. 
repreteoted by, the wbite tert,, aod fixed to the bottom ofthecisCem; this 
teaches from the dpeninfi D, through the ooch W;imd aftert^s dMdos 
ittolf into two brai^hes,, so as to open' under the two' barrels; one of th4^ 
branches is exhibit^ in the figure, and ^e other is exactly bdund this. 
Ibrottgh thijtt Ohetin^^ which may be cali^ the auckihg^piece. wator iS coni 
Veyed to tht^ |[>umps by the pressure of the atmosphere, mthef the 
cistern itself, Or any place at a distance, by means of die leather pipe 
F, fig. 27d, whieh sfst^s on to the sUc^ng-piece at P, fig. 271, under^ the 
hind trough 7^ th'ergkte of which is rejpresented by the horizontal strokes. 
F G r^ireSehts ili^'veii\e$X section of another piece of cast brass or hard 
metal, that may be called the communication-piece, having two hollovis for 
conveying the water fiotti dnder the pistohi^ to the two openings of the 
flanch of the atr-vessel; one of these hollows apj^ars in the figure; the other 
lies exactly behind this, though not in a paralldl direction. Between the 
section of the sucking-piece p £, and that of the communication-piece F G, 
may be observed the section‘d one of the plates of leather, which makes 
all tight, and forms one Of the two sucking-valveS, of which there is another 
Just behind this, under the other barrel, li ST is the section of the copper 
air-vessel, and T V that of the conduit-pipe ; this vessel is screwed on to 
the Mnd part of the communication-piece, and at top is fastened by a collar 
of iron to a cross piece of timber. 

Between the fianch of the air-vessel and the cbmmunication-pieoe, may 
be observed the section of one of the plates of leather, making all tight, 
and screwing one of the two forcing valves, of which there is another just 
behind this, exactly over the other opening of the communication from tlie 
air-vessel. These valves are loaded with a lump of cast-iron or lead, having 
a tail or teat let throu^ the flap of the valve, and cross pinioned under it : 
&hd it is to be observed, that Uiotigh both the valves are represented open 
in die figure, they are never both open at the same time ; for when the 
engine is not at work, they are closed down by the weights on their upper 
surfaces ; and when the engine works, two are shut, and the other two arv 
alternately opened by the motion of the pistons and the action of the atmo- 
sphere, together with the reaction of the air ' contained in the air-vessel. 

H I is the section of one of the barrels of the two pumps, which are both 
sucking and forcing; as is evident' from the position of the valves arid tjhe 
structure of the pistons, each of which is composed of two iron plates, o| 
two w^ooden trenchers, and of two flat pieces of leather turning one up and 
the other down. LK represents one of the piston-rods edgewise, behind 
%hich is one of the chains, the top screw of which, K, can only be seen. 
M is the end of the middle bar, aod N a section of the hindmost of the two 
middle stands which support the middle bar. O represents the end of the 
profile of one of the treadles, passing through the rectangular holes of the 
piston-rods, as in fig. 272. The weight on these treadles btings them and 
the piston-rods down alternately,, and they are raised up again by the help 
of the other set of &ains, one of which may be seen edgewise in this figure, 
placed on the sole of one of the sectors, &c. see fig. 272. 

P Q is part of the cross-bars which carry the handles, seen edgewise, 
and X Y represents an iron handle, by the help of which the cock W may be 
placed in the several situations requisite for the use of tlie engine. The 
mechanism may be understood by figs. 275, 276, and 277, which represent 
the horizontal section of it, in three different situations. It has three holes, 
which are left white in these figures. In fig. 275, the position of the cock 
is represented when the handles X Y or K aye in a direction parallel to D 
or to the middle bar, as in figs. 270 and 271 In this position the water 
.supplied by the sucking-piece enters at D, aua proceeds directly through 
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the, cock W tp the valve under tkc tyro ; aad there is now ooeoiia*^ 

manicatioD from the barrel with the cavity ofthe c^tcffn. 

In fig.- 276, we have the position of a cock when the handle X Y is toped 
one quarter bf a revolution towards the eye from the last-mentioned situa- 
tion, in which case th^re is no communication from the barrels with the 
outer extremity of the imcking-ipiece, but the water poured into the fore and 
hind.trqughi and passing from thence into the cavity of the cistern, enters 
the cock sideways at W, and turning at right angles through the cock 
towards £, proceeds to the barrels of the pumps. Fig. 277* represents, the 
cock W when the handle is placed diametrically opposite to its situa- 
tion, in which case there is no communication from the under side of the 
barrels with the cavity of the cistern or the outward end of the sucking-piece; 
but this situation am>i4s a confmunication from the. cavity of^e cistern 
with the outside of the engine, and the water left in the cavity of the 
cistern may by this means be employed when the engine has done working. 
These engines are made of five or six different sizes. 

The principles on which this engine acts^ so as to produce 
a continued stream^ are obvious : the water being driven into 
the air-vessel, as in the operation of common sucking and 
forcing pumps, will compress the air contained in it,^nd 
proportionably increase its spring, since the force or the 
air’s spring will be always inversely as the space which it 
possesses; therefore when the air-vessel is half filled with 
water, the spring of th^ included air, which in its original 
state counterbalanced the pressure of the atmosphere, being 
now compressed into half the space, will be equal to twice 
the pressure of the atmosphere; and by its action on the 
subjacent water will cause it to rise through the conduit- 
pipe, and play a jet of 32 or 33 feet high, abating the effect 
of friction. , When the air-vessel is twp-tbirds full of water^ 
the space which the air oteupies is only one-third of its first 
space ; therefore its spring being three times as great as that 
of the common air, will project the water with twice the 
force of the atmosphere, or to the height of 64 or 66 feet. 
In the same manner when the ^-vessel is three-fourths full 
of water the air will be compressed into one-fourth of its 
original space; and cause the water to ascend in air v^th the 
force of three atmospheres, or to the height of 96 or 99 feet^ 
&c. as in the following table ; 

Height Height Proportion Ittlgtit 

of tlie of the of the to wmcb the 

water. compreefcd air. air’a spring, water will riae. 

§ ^ 2 33 feet. 

f i 3 68 

« « 4 9 !> 

it i 5 132 

C 165 

7 198 

8 231 

9 264 

10 297 • 
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3. The fire-engine by Rowntree is a double force-pump^ 
of a peculiar construction^ similar in its action to the beer- 
engine^ but as it is on a much Ijtrger scale^ its constnictiohs 
are of course varied. 

In this engine, figs. 278 and 279 are two elevations at right angles to 
each other, of the external part of the engine, mounted on four Vrheels. 
Figs. 280 and 281 are two sections perpendicular to each other of the body 
of the engine or pump; figs. 282 and 283 are parts of the engine. The 
same letters are used as fiir as th^ ^pply in all the figures; A AAA 
figs. 280 and 281, is a ca^-iron cylinder truly bored, 10 inches diameter 
and 15 long, and having a flanch at each end whereon to screw two covers, 
with stuffing-boxes a a, in their centres, through which the spindle, B B, of 
the engine passes, and being tight packed with hemp round the collar, 
makes a tigm joint; the piston D is affixed to the spindle within the 
cylinder, and fits it tight all round by means of leathers; at £, fig. 281, a 
partition, called a saddle, is fixed in the cylindeV,* and fits against the back 
of the spindle tight by a leather. * 

We nave now a c^^linder, divided by the saddle B and piston into 
ti^o parts, whose capacity can be increased and diminished by moving the 
piston, with proper passages and valves to bring and convey the vfeter; 
this will form a pump. l..ese passages are cast in one piece with the 
cylinder : one, d, for bringing the water, is square, and extends about 
one-third round the cylinder ; it connects at bottom with a pipe e ; at its 
two upper ends it opens into two large chambers /g, extending near die 
whole length of the cylinder, and closed by covers, h^, screwed on; ik are 
square openings (shown by dotted squares in fig. 280) in the cylinder 
communicating with the chambers ; / m in / g are two valves closing the 
ends of the curved passage d, and preventing any water returning down 
the passage d; no are two passages from the top of the cylinder to convey 
away the water ; they come out in the top of the cylinder, which, together 
with ^e top of the chambers f g, form a flat surface, and are covered by 
two valves, p g, to retain the water which has passed through them. A 
chamber, K, is screwed over these valves, and has the air-vessel A, figs. 278 
and 279, screwed into its top; from each side of the chamber a pipe, ww, 
proceeds, to which a hose is screwed, as shown in fig. 280. Levers, xa, 
are fixed to the spindle at each end, as shown in fig. 279, and carry the 
handles H II, by which men work the engine. When the piston moves, 
as shown by the arrow in fig. 281, it produces a vacuum in the chamber /, 
and that part of the cylinder contiguous to it, the water in the pipe e then 
opens the valve m, and fills the cylinder. • 

llie same motion forces the water contained in the other part of the 
cylinder through the valve g, into the chamber K, and thence to the hose 
through the pipe w ; the piston being turned the other way reverses the 
operation with respect to the valves, though it continues the same in itself. 
The pipe e is screlled by a flanch to an upright pipe P, fig. 282, con- 
nected with another square iron pipe,*fiistened along the bottom of the 
chest of the engine; a curved brass tube, G, comes from this pipe through 
the end of the chest, and is cut into a screw to fit on the suction-hose 
when it can be used ; at other times a dose cap is screwed on, and another 
brass cap at 11, within the chest, is screwed upwards on its socket, to opep 
several small holes in it, and allow the water to enter into the pipe; in this 
case the engine-chest must be kept full of water by buckets, ^e valves 
are made of brass and turn upon hinges. The principal advantage of 
tlic engine is the facility ^ith which it is cleared from any sand, gravel. 
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or dUin ot»traditetfi i?hidi « flro-eogine trill always gather when at 
weak. 

Theetiambers/^; being solan^, allow' su^cient room to lodge a gmter 
quantity of dirt than is likely to ne Accumulated in the use of the engine at 
any one fire, and if any of it accidentally falls into the cylinder, it is gently 
lifted out ag^n into the chambers, by the piston, without being any obstnie- 
tioh to Hs motion ; to clear the engine from the dirt, two circular plates of 
inc^ha diameter, are unscrews from the lids kk, of the chambers 
amd when cleaned are screwed on again; these screw-corers fit perfectly 
tight without leader, and can be taken out, the engine cleared, and enclosed 
again in a Very short time, eren when the engine is in use, if found 
neoessury. • 

The two upper valves p q, and chamber K, can also be cleaned with 
equal ease, by screwing out the air-vessel kh, fig. 278, which opens an 
^rture of five inches, and fits air-tight, without leather, when closed. 
The valve may be repaired through the same openings. The use of the 
air-vessel, A A, figs. 278 and 279, is to equalize the jet from the engine 
during the short intermittance of motion at the return Of the piston-stroke ; 
this it does by the elasticity of the compressed air within it, which forces 
the water out continually, though not supplied quite regularly from the 
engiha. 

The engine from which the drawing was takeri^ was con- 
strvietcd for the Siln Fire Insurance Company^ in London, and 
from some experiments made by their agent, Mr. Samuel 
Hubert, appears to answer every purpose. 


JACKS. 

The jacks which we purpose here to describe are simple 
machines used for raising heavy weights. 

Fig. 341 represents the common ol* simple hand jack ; a block of wood 
about two feet six inches long, 10 inches broad, and six inches wide, is per- 
forated with a square hole or mortise through it lengthwise for the recep- 
tion of an iron rack B. This rack is formed with a double claw or horn at 
its upper end. A small pinion C is made to engage in the teeth of the rack. 
The axis of the pinion is supported in iron plates bolted to each side of the 
block, and one end of the axis projects through the side plate, with a square 
to receive" a windi or handle, which, being turned round, the pinion ele- 
vates the rack B in the mortise, and raises the claw or horns up to the load 
to which it is applied. To prevent the wfiight of the load running the pinion 
back, the handle is detained by a hook or link a, fastened to the outside of 
the block. * 

When a greater power is requiretl than the simple rack and pinion are 
capable of exerting, a combination of wheel- work is used, as shown in the 
same figure^ where A A is the block of wood, which in this case is made 
sufficiently wide to contain the cog-wheel F, fixed to the pinion C, .which 
acts in the teeth of the rack B. G is a second pinion of four leaves, work- 
ing in the wheel F ; and the axis of this pinion projects through the side of 
the block for the winch H to be fixed on it. The block A A is made in two 
halves, and the recess for the wheel F, and the pinion G, is cut ouf in one 
of the halves ; the oiberi being laid flat against it, supports the front pivots 
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of wh^el and pinions. The two hahwt nin Ixmnd together* hyjtfong 
iron hoops b dnven over the outside^ The rack hias a c^w N, at its lower 
end, projecting out sideways through an opening, or sUt cut through in 
tent naif of the block. This claw can be introduced beneath a stone which 
lies nearly flat upon the ground, and wbibh consequently could not be acM 
upon by the claw on the top of the rack. To prevuit &e defending 
wneh it has a load upon it, the small click a drops into its teeth, bqt clears 
it in going up ; when it is not required to detain the radc^ ^s click can beT 
turned out of the way sideways. 

Fig. «342 is a screw jack. The block of wood A perforated nearly 
its whole length with a hole sufficiently targe to allow ^e screw B to move 
up and down without touehing. The screw passes through a nut n, fixed into 
the top of the block A ; tind if the screw is turned round, it must rise up through 
the nut, and elevate the claw F. This claw is fitted on the top of the screw 
with a round collat, which allows the screw to turn round ^thout turning 
the claw ; and the claw N, which projects through a groove or opening 
made in the side of the block, is fitted to the screw wiw a smaller collar. 
The bottom of the block has four short points to prevent the machine slip- 
ping when used upon hard ground. To give motion to the screw, the 
lower half of it is formed into a square, and a worm-wheel C is fitted upon 
the square. The teeth of this wheel are engaged by a worm on the axis of 
the winch H, and plates of iron, a b, SLre hoked on each side of the h{kM,. 
near the middle or its height, to carry the ends of the axis of the windk^bfid 
of the worm which is concealed ^ the worm-wheel C. When the winch is 
turned round, it causes the wheel C to revolve by the action of the worm in its 
teeth ; and as the. wheel is fitted on the square part of the screw, it compels 
it to turn with it, hut at the same time allows the screw to move up and down. 

Jacks have been also constructed upon the hydrostatic 
principle discovered by Pascal, and which has been applied 
to practice by the late Mr. Bramah, in this and various 
other useful machines. 


CRANES. 

Cranes are certain simple machines in which either the 
wheel and axle, or wheel and pinion, are introduced, to effect 
the raising of heavy loads, such as the loading or unloading 
of shipping at the quays or wharfs, or the raising or lowering 
goods to and from chambers or warehouses. 

Various modes have been adopted to turn the wheel, or 
that part of the machine which is applied to the same pur- 
pose, by introducing long staves into the axle, by which 
it acquires the name of a capstan, or windlass ; or by a rope 
passing over the wheel, and putting it and the axle in motion 
by friction. Other methods have been adopted, such as form- 
ing the wheel hollow, and causing it to revolve by means of 
labourers inside of it, walking up its sides, which consequently 
descends beneath their weight ; or by forming it into a plat- 
form, lyitig in a slanting dirciction, and the labourers pushing 
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against a fixed arm, which forces the platform or wheel rpund 
under their feet. 

Most, of the, cranes constructed with tlie wheel and axle 
occupy too mu^ space, which is of importance, and conae«> 
quently, where cranes ,are in general use, have been super- 
seded by the wheel and pinion, which is of a more compact and 
convenient construction. The wheel and pinion is generally 
accompanied with a ratchet-wheel and pall, or some other me- 
thod of locking the handle, so that should tho labourer desist 
from his exertion, the load may not return to the place 
whence it has been raised. 

The framerwork, or that part of the crane which does not 
immediately operate to raise the load, is divided into three 
parts, the post, the jib, and the stay. The post is the upright 
piece, almost universally made to turn on a centre ; the jib is 
the arm extending from the upper part of the post, and in 
some cases is horizdhtal, but more frequently at an angle to 
horizon ; and the stay is that piece which supports the 
jihji 'reaching from the lower part of the post to nearly the 
extremity of the jib. 

The most simple form of the crane is that commonly used 
in stone and timber wharfs for unloading vessels, for which 
purpose it is well adapted, its power being very great. It 
has a frame consisting of a strong beam supported hori- 
zontally at 10 or yj feet from the ground, on the top of 
several vertical posts very firmly fixed in the ground, and 
securely braced with stays in every direction. At the ex- 
tremity of the horizontal beam the upper part of' the jib is 
supported, the lower pivot resting on a post in the ground. 
The jib, or gibbet, as it is called, from a resemblance to that 
machine, is a triangular frame of wood, one side being per- 
pendicular, and supported on pivots at the top and bottom, 
so that the whole moves round on these as a vertical axis of 
motion. Near the upper end of the perpendicular post, a 
beam proceeds, forming the upper side of a triangle, while 
the. third side is a braced extended frgm the foot of the per- 
pendicular, to support the upper piece. From the extremity 
of the latter, the burden is suspended by a rope passing over 
a pulley ; the other end of the rope is coiled round a vertical 
roller, or capstan, turning on pivots, one supported by the 
horizontal beam first mentioned, and the other on a post in 
the ground. The capstan is turned round by means of long 
horizontal levers fixed to it, at which a great number of men 
may be employed to push them round, or in some cases they 
arc drawn by horses. As the levers adrait of a very great 
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length in propcrtkm tc the diameter of the wihdlaro on which 
the rope coils, the power of this simple crane is very con^ 
eiderhine, and may be double by p pair of. I^cks or pullies 
at the jib. When the burden Is rased to a sujB&irat hei^t, 
by turning the capstan, the jib^ being: eening round on its. 
pivots, wm convey the load into a cairt or waggon a^ed on 
shore the side of the crane. 

Another kind of crane, which is equally conimon the 
above, but used for lighter burdens, has the' same jibs, as 
indeed most cranes have ; but the windkss, or barrel fdr the 
rope, is placed horizontally, and has a large vertical wheel 
Ibced ufkin it; 'This is made of two wheels fixed'*on an axis 
at a distance - apart, and united by boards, so as to form 
a large hollow cylinder or drum. Several men get into this 
wheel, and by constantly walking upwards on the inside, 
give it a tendency to revolve, and wind up the rope on the 
barrel. It* is surprising, that so imperfect, this should have 
been so univers^y adopted *as it was, till within these few 
years. Even when the wheel is sixteen feet in diameter, the 
labourers within cannot walk so far up it, from the perpen- 
dicular, as to have any effective leverage to turn it round ; 
though they are always exposed to danger, and frequently 
meet with most shocking and fatal accidents, from slipping 
down in the wheel, or from being ove^jowered by the load j 
in this case, the wheel runs back with ah accelerating velocity, 
and the people are thrown about it in a most dreadful manner. 
From these defects of the common construction, skilful me- 
chanicians have devised cranes that are not only more safe, 
but more powerful in their opelration, than the common 
walking-crane. Some of the best of these will be described 
in the present article. 

Mr. radmore, many years ago, contrived to prevent the 
danger attending the use of the construction last described, 
by putting a ring of cogs all round the outside of the great 
wheel, aiS applying a trundle provided with winches to turn 
it. By this addition, the power was increased in proportion 
to the number of cogs in the wheel to the number of staves 
in the trundle f and in order to prevent the wheel from run- 
ning back by the force of the weight, should the man within 
it sup, or leave off walking, he added a ratchet-wheel to the 
end of jthe trundle. Two winches being fixed to the end^ of 
the axis of the trundle, gave the people attending the crane 
the means of assisting the mim in the wheel, when the load 
rendered it necessary. On the axis of the trundle is likewise 
fixed, a woofkn wheel provided with a brake or gripe, which 
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could be fcirt^ibl]r]iirisiied on thl^ cli^cunifbteiice^of tbe wbeA 
by a leveffy to cause such a friction as trould prei^nt the 
weight frdtn ^sdending too raf^y. Bv this means^ heiK^ 
goods ma^ he ridsed of let down at pleasure^ without ai^ 
danger of injuring the men inr the crane. This contriTaiica is 
ingeniods y but the rapid motion of the circumference of the 
large walking wheels, in most cases, rendered it inapplicablie^ 
uidess a smaner cog-wheel was fixed upon the same axis with 
the walking-wheel. 

A,brane to be turned by wimthes^ was' eontiived W the 
late Mr. Ferguson, which has three trundles^ with different 
numbers of stares. Any one of these may be ap^died to the 
cogs of a horizontal wheel, mounted on an U]|^right axle, round 
which is coiled the rope for drawhtg the weights. This* wheel 
has9S cogs ; the largest tnindle'24' stares, the next 12, and 
the smaH^st six; so that the.larghst revolves fimr times for 
one reVokkioii of the wheel, the* next eight, and the smallest 
sixteen. The winch is occasionally fixed on the axis of 
either of these^ tSundles for turning it, and is applied to one 
or the other, according as the weight to be raised is smaller 
or larger. There is also a fourth trundle acting in the teeth 
of the great wheel, aild on its' axis is a brake and ratchet- 
wheel. While, the load is drawing up, the teeth of the 
ratchet*-'^heel slip round below a catch which fiills into them, 
and prevents the crane* from turning backward, thus detaining 
the Treight in any part of its ascent, if the man. who works at 
tbewinch shonld accidentally quit his hold> or wish to re^ 
himself before) the weight is completely raised. Making 
a due allowance for frictioif, a man may raise, by such a crahe; 
from three to twdve rimes as much in weight as would 
balance his effort at the winch, viz. froni w- to 3601bS(, 
tahiog the average labour. 

Many othef cohstruictions df wheel-wofk are' iii« comvion 
use for cranes. When they are turned by a winch, it H 
proper to apply a flp-tvheel to the' axis of it, borii to eqtiid^ 
the efforts* or we lahouwr who tinrn8‘lt,,and in case'taia accl* 
dentaUy lets go the handle, ta preveat'tlie Ibad frma runiiM 
down so quicMy as to endanger any. things It iS oouVenllsm 
to have several different powers to a craae of t^ia Idnd, to 
adapt’ it foe the' different burdeirfr to be nusedp this isIteSt 
donS fay employing a trmn of several wheeb;' ea^ tukn^ by 
a pinion^ silver than itseUl Thus, suppose file bariri oii 
w^h ’riie rope or chain winds to be 12 iiicheBvin diameter^ 
and^'Iias a cog-wheel of 96 teeth fixed op' the end of xtj this 
is turned by a pinion of 12 leaves ; on the same asda 'with 
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th 4 M a whtel of 33: teeth^ moved by a pinion of eight, 
actuated on a third axis, which should car^ the fly-wheel. 
A winch of one foot radius can be apji^ed tp any of these 
three ax^s iq the crane, and will dve. three dii^rent powers. 
Thus, if it is^ai^plied to the gpdgeon of iShe banrel, it will 
double the .power of the balance, because the winch describes 
a circle which is tiyice as large as the barrel on which the 
chain 5 if the ^inch is, fixed on end of the axis 
which carries the pinion of 12 , and the wheel of 32, it 
will give the labourer a purchase of 16 times y and lastly, 
when the winch is applied to the pinion of eiffhti his efforts 
will be multiplied 64 times. This simple mechanism is ren- 
dered very complete by fixing a fly-wheel upon the axis of 
the pinion of eight, to prevent all accidents ; for which pur- 
pose it is more effective than a ratchet-wheel, and requires no 
attention. The spindles, of all the pinions are made capable 
of sliding endwise, for the purpose of disen|^iging the wneels 
from each other at pleasure, that when the wheels are not 
employed, there may be no unnecessary friction in turning 
them round. 

The gibbet of a crane is a very principal member, as we 
have before explained ; but in i^s cpmmon construction, it 
has some defects. The rope by which the burden is raised, 
passes exactly over the gudgeon of the vertical beam of the 
jib, and is confined between two small vertical rollers, in order 
that it may always lead fair with the pulley or sheave at the 
extremity of the jib. According to this construction, when- 
ever the jib turns round its axis, the rope is bent so as to 
form an angle more or less acute, which causes a great in- 
crease of friction, andr produces a continual effort to bring 
the arm of the jib into a parallel position to the inner part of 
the rop^. These inconveniences may apwar to be trifl^g, 
but, in actual practice, they are of no small importance ; for 
they necessarily require a much greater degree of power in 
raising goods, and the application of a constant force to keep 
the jib in the. position that may be requisite ; while the par- 
tial stress which is exerted oji only a few strands of the rope, 
whilst bent into an acute angle, destroys it in a very short 
time. 

A simple construction of the jib, invented by Mr. Biramafa, 
obviates all these defects, and at the same time possesses the 
very desirable property of permitting the jib, of what is termed 
a wharf or landing crane, to revolve wholly round its axis, 
and to land goods, at any point of the circle described by the 
arm of the jik 
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The simplest form of this contrivance is shown in fig. 343, in which A A 
represents (the jib of a warehouse-crane projecting from a wall. It has, as 
Usual, a pulley at the extremity, from which the goods are suspended. The 
improvement consists in placing a pulley at S, to conduct the rope down' 
through the axis of motion of the jib, the collars or rings aa^c^ which it 
swings, being perforated for the purpose. The rope afterwards passe^ under 
a pulley. vmich conducts it into the house to the crane or maclune by 
which the weight is elevated. Th^ pulley b may be placed between the 
collars a a, and then there will be no necessity for a perforation of the Ipwer 
pivot of the jib. When the jlb^U required to describe a completa dtcle.' 
inst^ of the two brackets at no, fixdi to the wall, a cast-iron pittar is used 
to support the jib, the collars a a fitting upon it ; the pillar is hollow, to 
admit the rope through it, an^ is firmly fixed in a vertical posiUon, by a 
plate cast on the lower end of it, and screwed down ^n the' timl^ef of the 
wharf. Beneath these beams, there is another pulley in place of 3, to con- 
duct the rope to the craue. 

Fig. 344 represents a crane mounted on four tracks, to be enable of 
removal from place to place. It was em)[doyed on Ratnsgate-pier, for lifting 
stones used in the building, and is extremely Well adapted tor such a situ- 
ation, as it requires no fixture, and will take up a weight of four tons with 
four men, which is sufficient power for such purposes. It was designed and 
executed by Mr. Peter Kier, by order of the trustees for the management 
of the harbour at Ramsgate. Its base consists of a cast-iron frame marked 
A B, nine feet seven incheS' square, and two tons weight, supported on four 
cast-iron wheels b b, one pair of which, is fixed on a common axle, which 
moves jround on a centre fixed to pne side of the flame. This axle has an 
arm projecting across beneath the frame to the opposite side, where a rack, 
or segment of a wheel, is fixed on it, as shown at c, engaging a pinion r, 
shown before the rack, on the top of whose axis a winch is applied at d. 
Now, by turning this pinion, it twists the wheels round upon the centre, to 
steer the crane when moving from place to place. A vertical cast-iron shaft 
marked D F, weighing 23 cwt., is erected on the centre of thS iron tiame, 
and is supported by oak braces £ £, stepped intq boxes cast out of the iron 
frame A B, at its angles, so.as to form a very strong perpendicular column, 
round which axis the whole esane traverses. The weight of the framing and 
wheel-work is supported by a steel pivot, or gudgeon, on the tc^ m the 
shaTt F^ and is guiaed by a collar embracing the shaft at I. The framing 
of the jib, or movable part of the crane, consists of a long beam QH, bearing 
the pulley G at the extremity, resting on the pivot of the upright piQar in 
the middle, and the other end supporting the frame for the wheel-work 
L M N ; into this beam are framed two uprights Q Q, suspending the plat- 
form I K, on which men v^ho work the crane stand. It is braced oy a 
diagonal stay J P, and a cross piece R, to prevent its bending. 

Mr. Bramah^s ingenious hydrostatic principle of gaining 
a great power is applicable in several ways to the raising of 
heai^ weights, and nas been frequently employed in powerful 
cranes, in these the power is not obtained by. wheel-work, 
pullies, or any other ordinary mechanical powers, but on the 
principle of the experiment called the hydrostatic paradox,, 
which has been known for ages ; But the application of its 
powers to useful purposes is due to Mr. Bramsm. 

The simplest form is, for a machine to raise a heavy weight 
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to a small height. A inetallie cylinder/ sufficiently strong, 
and bored truly cylindrical within, has a solid piston fitted 
into it, which is made perfectly water-tight, by leather pack«- 
ing round its edge, or other meaps used in hy^iiUc engines. 
The bottom of the cylinder must be made sufficiently strong 
with the other parts of the surface, to resist the greatest 
strain which can ever be applied to it. In the bottom of the 
cylinder is inserted the end of the small tube, the aperture of 
which communicates with the inside of the cylinder, and 
introduces water or fluids into it ; the other end of the pipe 
communicates ' with a small forcing-pump, by which the 
water can be injected into the cylinder beneath its piston; 
the pump has of course valves to prevent the return of the 
water. Now, suppose the diameter of the cylinder to be six 
inches, and the diameter of the piston of the small pump, or 
injector, only one-quarter of an inch ; the proportions between 
the two surfaces or ends of the said pistons will be as the 
squares of their diameters, which are as 1 to 24 ; therefore the 
areas will be as 1 to 576 ; and supposing the intermediate 
space between them to be filled with water, or any other 
dense and incompressible fluid, any force applied to the small 
niston %vill operate on the other in the above proportion of 
1 to 576. Suppose the small piston, or injector, to be forced 
down, when in the act of forcing or injecting, with a weight 
of 20 cwt., which can easily be done by means of a long 
lever, the piston of the great cylinder would then be moved 
up with a force equal td 1 ton multiplied by 576. 

Fig. 343 represents a crane constructed upon the hydro- 
statical principle, that is, by the injection of water from a 
small pump into a large cylinder, which is fitted with a piston, 
having a rack attached to it for the purpose of turning a pinion 
upon the axis of a large drum-wheel or barrel, round which 
the rope is coiled, and from thence passes to the jib. 

The figure A A represents the jib, made of iron, and supported upon two 
brackets a a, projecting from the wall of the warehouse in which the crane is 
supposed to be erected. The rope passes over the pulley S, and down through 
holes in the brackets a a, then turns under the pulley h, and comes to the lower 
side of the great drum-wheel B. Ibe pinion C is fixed on the same axis with 
this, and its gudgeons turn in small iron frames d, bolted down to the floor of 
the warehouse. The pinion C is actuated by the teeth of the rack D, and a 
small roller, whose pivot is shown at e, presses against the back of rack, 
to keep its teeth up to the pinion. The rack is attached to the piston D 
of the cylinder L, in which the power for working the crane is obtained. ' 
The piston passes through a tight collar of leather on the top of the cylinder 
at E, which does not admit of any leakage by the side of it, and therefore if 
any water is forced into the cylinder it must protrude the piston from it. 
The cylinder is supported in a wooden frame F F, and has a small copper 

U 
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pipe ggf proceeding from the lomr end of it, communicating wkh a small 
forcing-pump at A ; this stands in an iron cistern which contains the 
water^ and sustains the standard t i, for the centre of the handle G, with 
which the pump is worked by one or two men. The upper extremity of the 
standard i i ^des the piston*-rod of the pump, to confine it to a vertical 
motion; t is a weight tor counterbalancing the handle G of the pump. 
Prom what we have said beforci the operation of this machine is evident ; 
the power of Uie cylinder D is in pro^rtion to its size compared with the 
size of the pump; but as it only acts through short limits, the pinion and 
dnm B are necessaiy to raise the weight a sufficient height. The operation 
of lowering goods by this crane is extremely simple, as it is only necessary 
to open a cock at m, which suffers the water to escape from the cylinder into 
the cistern H, and the weight descends, but under tne most perfect command 
of the person who regulates the opening of the cock ; for by diminishing 
the aperture, he can increase the resistance at pleasure, or stop it altogether. 
* Fig. 345 is a side elevation of a crane, ne post is immovable, and is 
fixed on an iron frame, with aims extending in the form of a cross, the 
extremities of which are bolted down by strong screws to large blocks of 
stone sufficientW heavy to more than counterpoise the weight to be raised 
by the crane. In the top of the post is fixed a wrought-iron pivot, by which 
the weight is supported, and a strong cast-iron cap bears on the pivot, and 
has attached to it two iron frames, one on each side, that receive the pres- 
sure from the stay, as well as support the pull of the jib, which is formed of 
two bars of wrought-iron ; the lateral pressure is borne by the bottom of the 
post, round which two friction-rollers turn to facilitate its motion. This 
crane will carcy five tons with safely. 
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PRESSES. 

Thb press is a machine in most extensive use in the 
mechanic arts. It is usually made of wood^ or ifon^ and 
serves to squeeze or compress any body very close. 

^ Screw-presses generally consist of six members^ or pieces ; 
viz. two flat smooth tables of wood or metal^ between which 
the substance to be pressed is placed ; two screws^ or worms, 
fastened to the lower plank, and passing through two holes 
in the upper; and two nuts, in form of an S, serving to drive 
the upper plank, which is movable, against the lower wMch 
is stable and without motion. 

Presses used for expressing liquors, are of various kinds ; 
some, in most respects, the same as the common presses, 
excepting tliat the under plank is perforated with a great 
number of holes, to let the juice run through into a tub or 
receiver underneath. 

1 . All improved cider-press, turned by a windlass, is shown 
in fig. 284. 

A A is the base or foundation with its supporting parts ; B B the cheeks or 
sisters ; D D Uie cross-piece at top, through which the screw passes, and 
which consequeutly contains the female screw; £ the screw with its 
appendages ; F F the bridge or cross-piece which acts on the pommage ; 
G G is the wide plank or vat on which the pulp rests in the hair bags, in 
which the mode of the liquor’s passing off is seen. 

This kind of press may be advantageously employed for packing cloth, 
paper, and other goods ; as also in paper-miUs, for flattening and rendering 
paper solid ; and in the manufacture of woollen cloth, for glazing and setting 
a iinibh upon the article in its last stage. 

2. Two elevations of a very good screw-press for a papers 
mill are given in figs. 285 and 286. 

A A is the bed, formed of an immense beam of oak; and each of the 
checks, B, consists of a long iron bar h by fig. 286, the ends of which are 
welded together, so that it forms a long sink, one end of which receives the 
end of the bed A, and the other the end of a massive cast-iron bar D, 
through which the screw E is received, and its nut fixed fast therein. 
The open spaces of the long links or cheeks, by by are filled up by rails of 
wood C, which support the weight of ^arts of the press when it is not in 
action, but these bear nothing when the press has 'any articles under 
pressure in it ; these articles are laid at H, on the bed, and the follower, O, 
IS pressed upon them by the screw, when it is turned by a long lever put 
through the holes in the screw-head F. 

The screws employed for paper-presses are generally formed with such 
coarse threads, and' so rapid a spiral, that the elasticity of the p^er is sufl&* 
cient to force it to run back. To these a ratchet-wheel, a, i? fixed, ^d a 
click c, fig. 28T, is applied to its teeth ; to prevent its return, the click is 
supported on a bar which moves on a centre at B, but the other end is 
retained a catch or lever /g. When the press is to be relieved, the 
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end fj of the catch, is driven back ; this relieves the bar d b, and the click 
no longer detaining the ratchet-wheel, the screw runs back. 

3. A very ingenious and useful pacMng-press has been 
invented by Mr. John Peek. It is represented in fig. 288. 

A A, ihi frame of the press ; B B, the large screws, which, in this press, 
contrary to those in common use, is fixed and immovable ; C» ^ circular 
iron bar, extending beyond the sides of the press, and having thereon two 
worms, or endless screws E E, which work in two toothed wheels fixed 
to the nuts, and, by turning the winch D, drive the nuts and bed up and 
down the screws as may be found necessary ; F, a stage, suspended from 
the' bed, and on which the men stand who work the press; such a stage 
may, if found ne(;essary, be fixed at the other end of the bar, as shown by 
the square shoulder G. The bed of this press must be formed of two 
pieces of strong wood, which are held togetner by screws and nuts, j^assed 
through them, as shown Q.t h hhh. The great utility of this press consists iii 
its being capable of packing two sets of bales at once ; thus answering the 
purpose of two presses, with more expedition. 

4. The hydrostatic or water-press^ or as it is sometimes 
called Bramah's Pressj hasj for a great number of purposes, 
superseded the use of the screw-press, over which it possesses 
great advantages, in all cases where a strong pressure is 
required. It is one among the many useful inventions of the 
late Mr. Joseph Bramah, of Piccadilly ; and is ingeniously 
contrived for applying the quaqua versum pressure of fluids 
as a powerful agent in many kinds of machinery. 

These contrivances consist in the application of water, or 
other dense fluids, to various engines, so as, in some instances, 
to cause them to act with immense force ; in others, to com- 
municate the motion and powers of one pai-t of a machine to 
some other part of the same machine y and, lastly, to com- 
municate the motion and force of one machine to another, 
where their local situations preclude the application of all 
other methods of connection. 

The firet and most material part of this invention will be clearly under- 
stood by an inspection of fig. 289, where A is a cylinder of iron, or other 
materials, sufficiently strong, and bored perfectly smooth and cylindrical ; 
into which is fitted the piston B, which must be made perfectly water-tight, 
by leather or other materials, as used in pump-making. The bottom of the 
cylinder must also be made sufficiently strong with the other part of the 
surface, to be capabls of resisting the greatest force or strain that may at 
any time be required. In the bottom of the cylinder is inserted the end of 
the tube C ; the aperture of which communicates with the inside of the 
cylinder, undjer the piston B, where it is shut with the small valve D, the 
same as the suction-pipe of a common pump. The other end of the tube 
C communicates with the small forcing-uuinp or injector E, by means of 
which water or other dense fluids can be forced or injected into the cylinder 
A, under the piston B. Now, suppose the diameter of the cylinder A Im 
12 inches, and the diameter of the piston of the small pump or injector E 
only one quarter of an inch, the proportion between the two surfaces or ends 
ol the said piston will be as 1 to 230‘> ; and supposing the intermediate 
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i^te* betwm th«m.t<i^4|e,iaied with water or other denae iuid oapolulitof 
•iiificieiit reaiatance^^tltemqe of ooh pi^ wiUact on 
aboYe proportion, vii; as t it to 23Q4. Sumse the swell piston mlj|s 
iiyector to be^rced down when in die' apt of puxnpHig oriiyee^ watw 
into ilie cylinder A, with the power ci 20 cwt. wfaidi could easily be done 
by the lever H ; the piston B would then be moved up w^<a mse equal 
to 20 cwL multiplied ov 2304. * 

Thus is constructed a hydro-mechanieal engiuSy wheraby a weight 
amounting to 2304 tons can be raised by a simple lever, through oqual 
space, in much less time than could be done by any apparatus con- 
structed on the known principles of mechanics; and it may be prof^r 
to observe, that the effect of all other medhenicai combinauons is coun- 
teracted by ati accumulated complication of parts, which renders them 
incapable of being usefully extended bt^ona a certain degree;. but in 
macliines acted upon or constructed on this pnnciple every difSoulty of 
this kind is obviated,, and their poWer luldect to no finite restraint. To 
prove this, it will be only necessary to remark, diat the force of any ma<^e 
acting upon this principle can be inereWted ad ittfitUimnf eidier by extet^ng 
the proportion between the didmeter of the cylinder A, or by apj^ng 
greater ^wer to the lever H. 

Fig. 290 represents the section of aii engine, by which very wonderful 
effects may be produced instantaneously by means of compressed air. 
A A is a cylinder with the piston B fitting air-tig^t, in the same manner as 
destcribed in fig. 289. C is a globular vessel msrae of copper, iron, or other 
strong materials, capable of resisting immense force, similar to those of 
air-guns ; D is a strong tube of smim bore, in which is the stop-cock B. 
One of the ends of this tube communicates with the cylinder under the 
piston B, and the other with the globe C. Now, suppose the cylinder A 
to be the same diameter ax ffiat in fig. 289, and the tube D equal to one 
quarter of an inch diameter^ which is the same as the injector, fig. 289; 
tlien, suppose that air is injected into the globe C (by the common method) 
till it presses against the cock £ with a force equal to 20 cwt. which can 
easily be done ; the consequence will be, that when the cock £ is opened, 
the piston B will be moved in the cylinder A A with a power or force equal 
to 2304 tons; and it is obvious, as in the case fig.' 289, that any other unlimited 
degree of force may be acquired by machines or engines thqs constructed. 

Fig. 291 is a section, merely to show how the power and motion of one ma- 
chine may, by means of fluids, be transferred or communicated to another, 
let their distance and local situation be what may. A and B are two 
small tubes, smooth and cylindrical, in the inside of each of which is a 
piston, made water and air tight, as in figs. 288 and 289. C C is a tube 
conveyed under ground, or otherwise, foom the bottom of one cylinder to the 
other, to form a communication between them, notwithstanding their dis>- 
tance be never so great, this tube being filled with water or other fluid, 
until it touch the bottom of the piston ; then, by depressing the piston A, 
the piston B will be raised.* The same effect will be produced vice versd : 
thus b^ls may be rung, wheels turned, or other machinery put invisibly 
in motion, by a power t^ing applied to either. 

Fig. 292 is a section, showing another instance of communicating the 
action and force of one machine to another ; and how water may be rais^ 
rut of wells of any depth, and at any distance from the place whm the 
operating power is applied. A is a cylinder of any required dimensiontf, 
in which is the working piston B, as in the foregoing examples : into ffie 
bottom of this cylinder » inserted the tube C, which may be m less bpre 
thru the cylindei^ A;* Hits tubp is continued, in any required directioiii 
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down to the pnm cylinder D, suppoied to te filKed id the ifi^l JS,% 
and forms a Junction therewith abote thepi^n ¥* ; which piston hhli a 'ra 
working through the stuiHng*box, as is usual in me conlino^Untp. 1b 
this tod G IS Connected, over a pull^ or otherwise, a wei^t n, Sufficient 
to overbalance the Weieht of water in the tube C, and to raise the pistbn F, 
when the piston B is lifted ; thus, suppose the piston B is drawn up hv its 
rod, there will be a vacuum made in the pump cylinder D, below the piston 
F ; the vacuum will be filled with water through the suction pipe, the 
pressure of the atmosphere, as in all pumps fixd in air. IThe return of the 
piston B, by being press^ downwards in the cylinder A, will make a 
stfoke of the piston in the pump ^linder D, which may be repeated in the 
usual way by the motion of the piston B, and the action of the water in the 
tabe C. The rod G of the piston F, and the weight H, are not necessary 
in wells of a depth where the atmosphere will overbalance the water in the 
suction of the pump cylinder and that in the tube.C. The small tube 
and cock in the cistern I, are for the purpose of charging the tube C. 

Bv these means it is obvious that the most commodious 
machines, of prodijgious power, and susceptible of the greatest 
strength, may readily be mrmed. If the same multiplication of 
power be attempted by toothed wheels, pinions, and racks, it 
IS scarcely possible to pve strength enough to the teeth o{ 
the racks, and the .machme becomes very cumbersome and of 
great expense* But Mr. Bram^’s machine may be made to 
possess great strength in very sm^ compass. It only requires 
very accurate execution. Mr. Bramah, however, greatly 
mistaken when he published it as tiie discovery of a new 
mechanic power, llie principle on which it depends has 
been well known for nearly two centuries ; and it is matter 
of surprise that it has never before been applied to any useful 
practical purpose. 

5. The Stanhope j^rinting^press is delineated in figs. 293 
and 2^, being elevawns, and fig. 295, a plan. 

A A is a massive frame of cast-iron formed in one piece ; this is the 
body of the press, in the upper part of which a nut is fixed for the reception 
of the screw b, and its point operates upon the upper end of a slider d, 
which is fitted into a dove-tail groove formed between two vertical bars e e, 
of the frame. The slider has the platen D D firmly attached to the lower 
end of it; and being accurately fitted between the guides sc, the platen 
must rise and foil parallel to itself when the screw b is turned. The weight 
of the platen and Uie slider are counterbalanced by a heavy weight B, behind 
the press, which is suspended from the lever F, and this acts upon tiie slider 
to lift it up, and keep it always bearing against the point of the screw. 

At G are two projecting pieces, cast all in one with the main frame, to 
support the carnage when the pull is made; to these the rails H are 
screwed, and placed truly horizontal, for the cari^e I to run upon them, 
when it is. carried under the press to receive the impression, or arawn out 
to remove the printed sheet. The carriage is moved by the rounce or 
handle K, with a spit and leather girts very similar to the wooden press. 
Upon the spit or axle, a wheel, L, is fixed, and round this leather belts are 
pamed, one extending to the bai^ of the carriage to draw it in, and two 
others, which pass round the wheel in an opposite direction, to draw it out. 



fufnfh hapdle is tj^ned ^ne way it dntwsoat the car- 

riage, 81(4 ^ tseymhiK w motion it is carried in. There is Ukewiae a 
ci^Mh s|tn^^ the srhed down to the wooden base M, of the frames, 
and this limits die morion of the sriiee^'aad ooiiieiiaently the excursion m 
the carriage. 

The principal improvemeni; of Earl Stanhope's piess con* 
sistb in the manner of giving motiim to the screw, h, of it, 
which is not done simply by a bar or lever attached to the 
screw, but by a second lever e, g; the sq^w, i, has a diort 
lever, g, fixed upon the upper end of it^ and this communi- 
cates by an iron bar, or Knk, A, to another lever, i, of rather 
shorter radius, wUch is fixed upon the upper end of the 
second spindle f, and to this the bar or handle. A, is fixed. 
Now when the workman pulls this handle, he turns round 
the spindle I, and by the connection (d the rod. A,, the screw, A, 
turns with it, and causes the platen to descend and produce 
the pressure. But it is not rimply this alone, for the power 
of the lever, A, is transmitted to the screw, in a ratio propor- 
tioned to the effect required at the different parts of the pull; 
thus at first, when the pressman takes the bar K, it lies in a 
direction putdlel to the frame, or across 4bc press, and the 
short lever i (behig nearly perpendicular thereto) is also 
nearly at right a^es to the connecting rod A; but the lever, 
g, of the screw,* makes a considerable angle with<^e rod, 
which therefore acts upon a shorter radius to tom the screw ; 
because the real power exerted by any action upon a lever, 
is not to be considered as acting with the full length of the 
lever between its centres, but irith the distance in a perpen- 
dicular drawn line, in which the action is applied to the 
centre of the lever. Therefore wher the pressman first takes 
the handle K, the lever t acts with its foil length upon a 
shorter length of leverage, g, on the screw, which will c(m- 
sequently be turned more rapidly than if the bar itself was 
attached to it ; but on continuing the pull, the situation of 
the levers change, that of the screw, g, continually incrcMing 
its acting lengu, because it comes nearer to a perpendiculiw 
with the connecting rod, and at the same time the lever r, 
diminishing its actmg length, because, by the obliquity of 
the lever, the rod. A, approaches the centre, 'and tiie perpen- 
dicular distance diminienes; the bar or handle also comes to 
a more favourable position for the man to pull, because he 
draws nearly at rignt angles to its length. 

Al^thesl causes combined have the best effect in produdng 
an immense pressure, without loss of time ; beeauM in tlm 
first instance the lever acts with an increased mo^n upmt 
the screw, and brings the platen down very quickly upon the 
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paper, but by that time the levers have ^iissumed such a 
position as to exert a , mqie powerful action u^n each 
other, imd this action coatteues to incraase ns the bar 'is 
draiwD forwards, until the iSver, », and the oo]:^ecting rod are 
brought nearly into a st^raight line, and then the power ‘is 
inimensely great, and capable of produch^ any recjuistte 
pressure which the parts of the press wili^ sustain without 
yielding. The handle is sometimes made to come to rest 
against a stop, which prevents it moving further, and there- 
fore regulates the degree of pressure given upon the work : 
but to give the means of increasing or. diminishing this 
pressure, for different kinds of work, the stop is made mov- 
able to a small extent. A better plan is adopbed by some 
makers of the Stanhope press, viz. to have a screw adjust- 
ment at the end of the connecting rod A, by which it can be 
shortened ; it is done by fitting the centre ^n which unites 
it to the lever g, in a bearing piece, which slides in a groove 
formed in the iod, and is regulated by the screw; This 
shortening of the connecting rod produces a greater or less 
descent of the platen, when the handle is brought to the stopt 

' The carriage of the press is represented with wheels, mm, beneath, to take 
off the friction of moving upon the ribs H. These wheels are shown at 
fig. *296, which is a"^ section of the screw and the platen, with the carriage 
beneath it ; and fig. 297 is a plan answering to it. Fig. 298 is a figure of 
a carriage inverted to show the wheels ; then axles n are fitted to springs p, 
and these are adjustable by means bf screws r, so that tiie carriage will be 
borne up to any required height. This is so regulated, that wh& the car- 
riage is run into the press, its lower surface shall bear lightly upon the solid 
cheeks G, which are part of the body of the press, and these support it when 
the pressure is applied, the same as the winte^ of the old press ; but the 
wheels by their springs act to bear up great part of the carriage with the 
types upon it, afld diminish the friction, yet do not destroy the contact of 
the carnage upon the ribs, because this would not give the carriage that 
solidity of bearing which is requisite for resisting the pull. This is only at 
the time when the carriage is run into the press ; because as it runs out, jthe 
ribs on which the wheels run rise higher, and therefore the w&eets support 
the whole weight. 

The manner iq which the wheels run in rebates or recesses in the edges 
pf the ribs, is shown at fig. 2^4. The carriage is made of cast-iron, in the 
form of a hose, with several cross partitions, which are all cast in one piece, 
and |hough made of thin metal, are exceedingly strong^ the upper surface • 
is truly , fiat, by turning it in a lathe. The same of the platen, which 

is likevrise^a ^imllow box ; the slider d has a plate formed on tne lower end 
of it, whic^ is fixed by four screws upon tile top of the platen, and thus 
they are united. 

At the fimr angles of the carriage, pieces of iron, r,. fig. are screwed 
on, to form bearings for the quoins or wedges which jure driven in to fasten 
the form ^ types upon it in the true position forjprinting. The tympan P, 
fig. 1293/ ^attached to the carriage by hinges, wnh' an uon bracket or stop 
to catch it when it is thrown back ; the frisket, R, is joined to the tympai^ 
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•od^wben .opened out^ rests a§^iiat * tnua^ suspended firpm the cdhoffA 
The iron frame, A, of the press is screwed dpwn upon the ^ooden base m, 

bolte, which pass throiM feet, #, proieebnf from me IbWer parts of the iron 
frame. Another wooden beam ip imed into the fbrmef at rig^t ang^ ee as 
to form a cross, which lies upon the flbor. The ribs H^.for the carriage to 
run upon, are supported foom the wooden base by an iron bracket T. 

The advantages of the iron presses in working are very 
considerable, both in saving Labour and time. The first arises 
from the beautiful contrivance of the levers^ the.power of the 
press being almost incalculable at the moment of producing 
the iinpression ; and this is not attended with a correspcmdent 
loss oi time, as is the case in all other mechanical pdwers, 
because the power is only exerted a]b the moment of pres- 
sure^ being before adaptra to bring down the platen as 
quickly as possible. Thm great power of the press admits of 
a saving of time, by printing the whole sheet of paper at one 
pull, the platen being made sufficiently large for that pur- 
pose I whereas^ in the presd^ formerly used^ the platen is only 
half of the si^ of the sheet. In the Stanhope press, the 
whole surfietce is printed at once^ whli far less power upon 
the handle than the old press, when printing but half the 
surface. This arises not only from the levers, but from the 
iron framing of the press, which will not admit of any yield- 
ing, as the wood always yields, and indeed is intended to do, 
the head being often packed iip with elastic substances,# such 
as pasteboard, or even cork. Jn this case much power is lost, 
for in an elastic press the pressure is gained by screwing or 
straining the parts up to a certain degree of tension, and the 
effort to return, produces the pressure. Now, in this case, 
the handle will make a considerable effort to return, which, 
though it is in reality giving back to the workman a portion 
of the power he exerted on the press, is only .^admtional 
labour, as it obliges him to bear the strain a lonfK time Uian 
he otherwise wo^d. 

The iron presses have very little elasticity, and those who 
use them find it advantageous to diminish the thickness of the 
blankets in the tympan to one very thin piece of fine cloth; the 
lever has then very little tendency to return, and the pull is 
easy in the extreme, requiring very little more force to remove 
it at the latter than at the first part; indeed, the iron press is so 
different from the other press, that when an.expeiienced press- 
man first tries it, he cannot feel any of that reaction which he 
has been accustomed to, and will not believe, till he sees the 
sheet, that he has prodtmed any impression at all ; and for many 
days after he berihs to work at an iron press, he byvhahit 
throws back all the weight of his body in such a manner as to 
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bring hmdie up to its atop with a concussion that dmkes 
his Bxui verv tpuch, and in consequence mo^t pressmen^ aft<^ 
ajG^whmiw work, feel inclined to give up ^ irpn press) 
but when they have once acquired a new habit of standing ntoto 
upright, and applying only as mu<^ force as it requires, toe 
l^ur iof the pull becomes less than that of running the car- 
riage in and out ; and men who are accustomed to the iron 
presses only, would be scarcely able to go through the work 
of the old press. 

Mr. De la Haine has a patent for a Stanhope press, which 
answers extr^ely well ; the only material alteration is, tha^ 
he has substituted a spiral or curved inclined plane hi place 
of toe screw, which is fixed to the head of the press ; and 
a cross-arm properly formed, and fixed on the njpper end 
the spindle, whito, standing in place of the screw, acts against 
toe meed inclined plane. The action is very nearly the same 
as the screw, except that toe surfaces admit of being made 
of hardened steel,^ and thus diminish toe friction v^ much. 
The inventor of this for the common press was Mr. Imworto^ 
hut .Mr. De la Haine has combined it with the levers, and iron 
frame of the Stanhope press. 

A conunon press, of great simplicity, and possessing the 
same advantage in point of power as Lord Stanhope gains by 
toe compound levers, has been produced by Mr. Medhurst, 
of Denmark-street, Soho. 

6. In November 1813, Mr. John Ruthven, of Edinburgh, 
took out a patent for an improvement in the printing-press, 
which differs from those heretofore used in the flowing 
particulars : 

First, The types, plates, blocks, or other surfaces from 
which the mprassion is to be taken, instead of being skuated 
upon a rumiing carriage, as was formerly toe practice, ans 
placed upon a stationary platform or tablet, which is proyi^^ 
with the usual apparatus known to printers by the names of 
tympan and frisket, with points, &c. to receive toe sheet 
of paper and convey it to Its proper situation pn the types 
aft^ they had been mked. 

Secondly, The machinery by which the power for 
pressure is produced, is situate immediately beneato this 
platform or toblet ; and the platen or surfeee which is op- 
posed to the &ce of toe types, to press the sheet of paper 
against them, can be brought over t^^types, and connected 
at two opposite sides or ends wito the maebipery beneath.the 
tablet; by this machinery^ it is so forciUy pressed or drawn 
down upon toe paper, which lays upon the types, as to give 
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(3i^ ittipreBaiobj vrldch bdn^'tinii the platen can lie 
disunited ifirom the tnacbinery, ahcl r^oved the tyj^ 

hy ^ foot, or otherwise, totakeDut the paper, anduniowioe 
a fresh sheet. 

Thirdly, llie said machinery for prodoeini the ptessnre is 
a comhiuatlon of levers, actual^ hy a craidc, or slunt lever, 
tamed by a winch, or handle, to which the pressman applies 
by bis hand ; or tiie pressure may he produced by tiie tnad 
oi the foot. 

I^lg. 2^ Is a horisontal plane ; a vertical section 

taken through the middle j and fig. 301, an end idew; .the 
same letters of reference beiim used in each. ■ 

A A represent the tablet or euriaoei^n ivhich the types, Scc» ate laid, its 
surface truly flat, a^d mi|.y"be made of trood, stone, or metal, or any owr 
substance lis^ for the carriage of printing-presses. This tablet is mounM 
won a frame of wood or metal, consisting of le{^ B B, and cross braces 
CC, or any other kind of supp^ maybe used which will firmly sustain 
the tablet at a proper height from the ground. The tablet has a tympan, 
8 and 9, joinea to it at the end> 0, in the usual manner, and open into the 
position of the dotted lines 10, to take off or put on the sheet of papei^, 
which is confined by the frisket, 11, in the nsnai manner; the dotted line^, 
12, represent the gallows or support for the tympan and frisket when 
op^ed. 

For fiistening the types upon the tablet, or what the printers ckll maiking 
register, mioins or weages may he introduc^ at the angles, in the usuiS 
manner; hut a preferable method is to hav^ screws 13, 13, fitted through 
pieces which are made fast to the sides of the tablet, and between the points 
of these screws the chase, or frame of types, is held steady upon the tablet, 
and may be adjusted. 

Beneath the tablet are the levers marked D £, D £, their fulcnims, or 
fixed centrh-pins, being at D, and they act upon double hooks or clutches, 
F F. When the ends £ are depress^ by means of the third lever 1 Q, 
situated beneath and common to hpth, the connection being made with the 
link o, the fiilcrum of tjft lever is at G ; and H is a third point to whi^ 
the power to actuate it is applied hy a connecting rod K, the opposite end 
of which is joined' to a crank or short lever L M,' situated upon an axis or 
spindle L, which extends to' the front of the mg^ne, and has a windi or 
handle N, fig. 299, upon it, for the pressman to tom it by. 

The platen the press is shown at O O ; it may he made of wood or 
iron, as usual, hut must be exactly true an the lower surfoq^, which applies 
to the face of the types b b, upon the tablet A A. On the top of the platen 
is a strong metal bar P, which may he either cast in pne piece with it, or 
united to it by screws at r r/ at its extremities it has* holts dd, fixed to it 
screws or otherwise; and at their lower ends they must have heads 
which \so exactly fitted to the clutches or double hpoks F F, before de- 
scribed. By. means of these the platen is connoted with the^ lever D £, D £, 
so that a prmure may be proauced when the handle N is turned in the 
direction shown hy me arrow in fig. 300. This, hy turning the lever M 
about Upon its centre L, pushes thh rod K, which acting upon the pomt H 
of the lever G H I, moves it upon its centre G, and - depresses the point J, 
which being connected with the extremities'E of the levers D £, by tlie 
lipk a, they are made* to partake of its motion, and diaw down the platen 
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v^n the. t;|rpee by the chitdiee EF# and hooks dd. By returning the arinch 
N to its originii position, the piesi^ is relieved, and the platen may be 
' removed from the types thus : — JH the end of the bar P, two springs, ee, 
figs. 29d'and 301, are fixed; and iA the ends of dmse rollers or vdmls, 
marked/, are fitt^ to revolve freely upon their centre-pins.. ^!lPles6 wheels, 
having grooves* in their edges, run upon sharp angle^ ^lriti^ upon the 
I upper edge of the two rails B which are extended across themme of the 
pres8,and project sufficientljr behind, as in figs. 299 and 301, being supported 
by brackets g, of fig. 301, if necessary. Upon these bars anddrheris (or 
sliders may be used instead of wheels) the platen will run iredy^ to remove 
it backwards and forwards off the types, but when brought over, them the 
bolts d d will enter the clutches F F, ready to receive the actioddftlM levers, 
and give the pressure upon the tympan. 

The springs e are so adjusted, tnat when the platen runs backwards or 
forwards upon the rails R, the uiider surface of it will be sufficiently raised 
above the ^pan to run clear of it; but wheiFffie ho9kadif ^ F F are 
united, and the pressure given by turning, the l^dln 
though they have sufficient strength to raise tip the plsten pletijr of the 
tympan, thednstant the pre^sure-is reeved* 

To draw the platen forward oyer the a handle h is ftyed upon it, 
for the pressman to" take hold' by ; but it may be brought by the foot, in the 
following manner : the two foremost wheels, //, ^ye links, k k, jointed 
to their centre-pins, to t^hnect them with the up^ie ends of the two long 
levers m m, which are fix^ to one common axis n, fig. 300, extending across 
the whole machine, near the ground ; upon the axis a short lever o, fig. 301, 
is fixed, and a rod q unites it to the ena of the bent lever r f, the arm i of 
which is made broad, to serve as a paddle for the foot ; by depressing this, 
the arm r draws the short lever o, and the long lever m m causes the platen 
to advance truly parallel, and come up to the clutches F F. 

To make all the work compact, the centres D D of the great levers, and 
• of the lower lever G, as well as the pivots L of the winch N, are all sup- 
ported in one frame composed of two metal dieeks S S, which are situated 
beneath the table, and united thereto by screws, or p^ywise, as shown by 
the dotted line in the plan, fig. 299. ^ 

The power of the press will depend upon the pro^rtion of the different 
levers, and the relation between the space 4®scribea by the motion of the 
handle N, and the descent of the platen O; but it should be observed, that 
the power of this press increases as the handle, descepds to the horizontal 
position shown in ng. 300 ; first, because the handle is then in the most 
mvourable position to receive the workman's body ; secondly, the lever L M 
comes to a position which*gives it a great power to force the rod K, viz. as 
is shown by the dotted line L 2. for when the lever ^md rod come to jane 
straight line, its power to ^ be ecX^idered as infinite^ 

great ; thirdly, the lever G If is m He tf^trfavoureble position, tparked 02; to 
receive the action of the rod K, viz. p^rpendiralar to it; fourthly, the leter 
G I is in a position to have groMe|^ b^er onlhe liiiks a and the levers I) £, 
than when it is in a horizontal pdsmouV All these Sources combined have 
the best efiect in saving time, "and ^,the sdiine time producing ijDm^se 
pressure ; ' ffir. when the pressure first tadKes*bdld of the handle N, it acfif but 
' with little, ad'i^tage with rei^ect to p^tf .on the levers^ and therefore . 
brings Uie platen down very quickly upori^he tympsils, with little loss^of 
time or motion, till they have assumed positions in wbidh’ they exert tnore 
powerful action upon each other, as above stated ; and^tbiS^aeti^ ^nttnues 
to ififirease until ttU fever L |il and rod K come neSrijf into a line, when the 
power is immensely great, and capable bf producing any requii^ pre88ilre» 
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which ihe parts of the press will withstand without yielding. The handle N is 
made to come to a stop, or rest, which prevents its moving farther than the 
position of the dotted lines, and therefore regulates the degree of pressure 
given upon the work. But to give the means of increasing or diminishing 
the pressure at pleasure for different kinds of work, the centre hole of the 
pin H is made in a piece, which is fitted in a groove in the rod K ; therefore 
by sliding it in the groove, it has the same effect as lengthening the rod, 
which produces a greater descent of the platen when the handle is brought to 
a stop ; a screw, r, is fitted into the end of the groove, to screw the packing 
tight in the groove, and prevent it getting loose in working. 

Another method of producing tlie same effect is to adjust the nuts which 
are fitted on the screws at the top of the bolts dd; or it may be done by 
loosening tHe screws at r, and fitting packing between the fitting of the 
platen and the bar P ; the same may be done to adjust the platen parallel, if 
it prints more at one part than another. 

Springs may be applied to take off all shake or loosenesses in the joints ; 
it may be done in different ways : a strong spring may be fixed beneath the 
tablet, and act upon the clutch F, to lift it up, and keep the joint tight ; or 
one small spring may be fixed on the lever D E, (as shown on the opposite 
side,) to lift the clutch F, and another being fixed to the lever beneath, and 
resting at the end upon a pin in the frame, will lift up the lever and link a, 
to keep them all tight for working. If it be thought objectionable for the 
rod K to push endways on the levers, it may be contrived to draw or pull, 
by placing the lever M above the spindle L, instead of beneath it, and also 
reversing the form of the lover G H 1 ; the points G and H to remain as they 
are, but the point I to be on the opposite side of the centre, viz. above it ; 
and with this alteration the drawing of the rod K will produce the pressure, 
instead of pushing it, as in the figure. 

Fig. 302 shows another arrangement of the lever for a press. In this 
figure the same letters are used to denote the same parts, thus : A is the 
tablet, D E t)»e levers, F the clutches, O the platen, r the cross-bar ; the 
ends K of the levers are connected by a link a, with a third lever TW, whose 
centre or fulcrum is al V; the power is applied to the long end by a chain f, 
which is conducted over a pulley or roller r, and wound upon a wheel w, 
w'hich IS fixe<l upon the axle of the handle to work the press. To give 
greater power, the wheel may be formed like a spiral, instead of circular, 
that the chain may lay upon a shorter radius when the pressure fc produced. 

From the first invention of printing, till within a veiy few 
years, the printing press remained unchanged; and it is truly 
surprising, that so long a period as four centuries should 
have rolled away, without a single improvement in so im- 
portant a machine. 

The printing press of Lord Stanhope, ingenious and 
beautiful as it is, should rather be considered* as an im- 
provement than as an invention. This press, being made of 
cast iron, having the surfaces of the table and platen turned 
true, and a compound lever added to the screw, is more 
solid and compact, and produces a better impression, with 
less manual exertion, than the common wooden press, with 
a stone table and wooden platen ; but still the parts are the 
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same^ and the only difference consists in producing better 
workmanship with better materials. 

No improvement of importance was therefore made till 
after the year 1790^ when Mr.William Nicholson^ the editor 
of the Philosophical Magazine, obtained a patent for a ma* 
chine, for printing on paper^ linen^ cotton^ woollen^ and 
other articles, in a more neat, cheap, and accurate method, 
than by the printing presses then in use. 

This method consisted, first, in making his moulds, 
punches, and matrices, for casting letters, in the same man- 
ner, and with the same materials, as other letter-founders, 
with the exception that, instead of leaving a space in the 
mould for the stem of one letter only, he left spaces for two, 
three, or more letters, to be cast at one pouring of the me- 
tal ; and at the lower extremity of each of those spaces 
(which communicate by a common groove or top) he placed 
a matrix, or piece of copper, with the letter punched upon 
its face in the usual way. He then brought the stems of 
his letters to a due form and finish, not only by rubbing it 
upon a stone, and scraping it when arranged in the finish- 
ing-stick, but likewise by scraping it, on one or more sides, 
in a finishing- stick whose hollowed part was less deep at 
the inner than the outer side. That side of the groove 
which was nearest the face of the disposed letter, he called 
the outer side ; and the purpose accomplished by this 
method of scraping was, that of rendering the tail of the 
letter gradually smaller the more remote it was, or farther 
from the face. Such letters as these could be firmly im- 
posed upon a cylindrical surface, in the same manner as 
common letters are imposed upon a flat stone. 

Secondly, he applied the ink, or colouring matter to the 
types, forms, or plates, by causing the surface of a cylinder, 
smeared or wetted with the colouring matter, to roll over 
the surfaces of the said forms or plates ; or by causing vthe 
forms or plates to apply themselves successively to the sur- 
face of the cylinder. The surface of this colouring cylinder 
was covered with leather, or with linen, woollen, or cotton 
cloth. When the colour to be used was thin, as in calico- 
urinting, he proposed that the covering should be supported 
DV a firm elastic stuffing, consisting of hair, or wool, or 
woollen-cloth, wrapped one or more folds round the cylin- 
der. When the covering was of woollen -cloth, it was to be 
defended by leather, or oil skin, to prevent its imbibing too 
much colour, and by that means losing its elasticity. It 
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was absolutely necessary that the colouring matter should 
be evenly distributed over the surface of the cylinder ; and 
for this purpose, when the colour was thick and stiff, as in 
letter-press printing, he applied two, three, or more small 
cylinders, called distributing rollers, longitudinally against 
the colouring cylinders, so that they might be turned by the 
motion of the latter. The effect of this application w&s, 
that every lump or mass of colour which was redundant, 
or irregularly placed upon the face of the colouring cylinder, 
was pressed,* spread, and partly taken up and carried by the 
small rollers to the other parts of the colouring cylinder ; 
thereby preserving an even face of colour. When the 
colouring matter was thinner, he did not apply more than 
one or two of these distributing-rollers ; and when very 
thin, he applied an even blunt-edge of metal, or wood, or a 
straight brush, or both of these last against the colouring 
cylinder, for the purpose of rendering its colour uniform. 
When he applied colour to an engraved plate, or cylinder, 
or through the interstices of a perforated pattern, as in the 
manufacturing of some kinds of paper-hangings, he used a 
cylinder entirely coverbd with hair or bristles in the manner 
of a brush. 

And thirdly, he performed all his impressions, even in let- 
ter-press printing, by the action of a cylinder or cylindrical 
surface. 

Though Mr. Nicholson did not carry his ideas into suc- 
cessful practice, he may deservedly be considered the 
father of modern improvements in this important art. With 
him originated the idea of inking types by means of rol- 
lers, and of producing impressions by means of cylinders, 
which constitute the essential parts of all modern printing 
machines. 

The honour of being the first to carry these ideas into 
successful practice is due to Mr. Koenig, by birth a Saxon, 
who, after various attempts to improve the common press, 
and which resulted, to use his own words, in discovering 
that they were only employing a horse to what had been 
before done by a man/' succeeded in producing a machine 
in which the impression is given by a cylinder. This ma- 
chine was erect^ at the office of the Times newspaper, and 
two on a similar principle were erected at Mr. Hensley's 
printing office, and although some publications have stated 
that the latter were destroyed by fire, in 1819, they con- 
tinue to be worked at the present day. These errors may 
have arisen from the great difference in the appearance of 
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the machine now, and when first erected. This is owing 
to a reduction of the complexity of the inking apparatus, 
by Messrs. Applegath and Cowper, who have produced 
a machine far superior to that by Mr. Koenig, and which 
possesses nothing in common with it, but the pressing- 
cylinders, the inking-rollers, and the tapes to hold the sheet 
of ^aper on the cylinders. The pressing-cylinders and ink- 
ing-rollers were first suggested by Mr. Nicholson ; and 
tapes arc similarly used in machines for the ruling of paper 
for account-books. These gentlemen, therefore, though 
producing their machine subsequently to Mr. Koenig, cannot, 
with justice, be accused of having in the slightest degree 
infringed upon his invention. Mr. Kotoig's machine pos- 
sessed originally sixty wheels; Messrs. Applegath’s and 
Cowper’s but sixteen ; and the machines of the former are 
now almost entirely sufierseded, even in the office of Mr. 
Bensley, the principal proprietor of Koenig’s patent, by the 
improved machines of Applegath and Cowper. 

A perspective view of Messrs. Ajiplegath and Cowper’s 
machine is represented by fig. 303, and a longitudinal sec- 
tion, to explain the manner in which the paper passes 
through to receive the impression upon both sides, and the 
mode of applying the ink to the surface of the types by fig. 
304. ITiough in these' figures, all the material motions of 
the machine are displayed, yet some of the minute parts, 
which produce the various movements, have been omitted, 
in consequence of the diminutive scale of the figures, which 
is only about one- third of an inch to a foot. 

The supply of the blank paper is laid upon a Support, or 
table. A, from whence the sheets are taken, one by one, 
by a boy, standing upon an elevated platform, who lays them 
out upon the table, B, which has a number of narrow linen 
tapes or girths passing across its surface. These tapes are 
formed into endless bands, which extend round the cylin- 
ders, or rollers, C and D, in such a manner, that when the 
rollers are turned round, the motion of the tapes will carry 
the sheet of paper along with them, and deliver it over the 
roller E, where it is seized between two systems of endless 
tapes, passing over a series of rollers to keep them extended. 
These endless tapes are so adapted, in number and position, 
as to fall between the pages of printing, and also on the out- 
sides, or beyond the margin of the printing ; they mav, 
therefore, remain in contact with the sheet of paper on both 
sides during its whole passage through the machine ; by 
which means, the paper being once received or taken in 
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between the ti;^o systems of endless tapes^ it will be capable 
of continuing its motion along, with tne tapes^, in order to 
bring it into" a situation to be printed on both sides^ with- 
out destroying the register (or coincidence of the pages on 
the 0 ])posite sides of the sheet.) F and Q represent the two 
.main cylinders which effect the pressure upon the paj;)er. 
They are. inounted upon strong axes, which turn in station- 
ary parings affixed to the main frame of the machine. H 
and T are t^b intermediate cylinders, situated upon axes be- 
tween the main cylinders. Their use is to effect the inver« 
sion of the sheet of paper, in order to print the opposite 
side. 

Wte must now describe the manner in which the two sys- 
feifis of endless tapes before mentioned are arranged, to 
give a clear idea of the operation of the machine. We will 
suppo>se one system of tapes to commence at the upper part 
of the roller E, from whence they proceed in contact with 
the under portion of the circumference of the main cylinder 
Fj they then pass over the upper pari of the intermediate 
cylinder H, and under* the’ intermediate cylinder I, from 
whence they proceed to encompass a considerable porti^on 
of the main cylinder G j and by passing in contact with 
the rollers a, c, d, and e, they arrive again at the roller E, 
from ivhence they commenced, thereby forming one of the 
systems of endless tapes. The other system we will sup- 
pose to commence at the roller h. They are equal in their 
number to the tapes already described, and correspond 
also with them also in their place upon the cylinders, so that 
the sheets of paper may be securely held between them. 
The second tapes descend from the roller h to the roller E, 
where they meet and coincide with the first system^ in such 
a manner that the tapes proceed together under the main 
cylinder F, oyer the cylinder H, under the cylinder J, and 
round, the main cylinder G, until they airive at the roller i, 
where they sepai*ate ; having remained thus far in actual 
contact, except at the places where the sheets of paper are 
held between them. From Che roller (, tfae '|)aper descends 
to the roller A, and by passing in contact with the rollers 
m, w, and o, they arrjve at the roller A, from whence they 
commenced. Thus the two systems of the endless tapes 
are established and arranged so as to be capable of circula- 
ting continually, without interfering with each other. 

The cylinders, 0> H, and I, as also the roller E, are 
connected by toothed wheels, as represented in the perspec- 
tive view, fig. 30^, so as to cause their circumferences to 
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move with one uniform velocity, and thereby {prevent any 
sliding or shifting of the two systems of tapes over each 
other during their motion, as much of the perfection of the 
printing depends upon this circumstance. The separate forms 
of types for printing the two sides of the sheet are placed at 
a certain distance asunder, upon one long carriage, which is 
represented in a detached state at fig. w5. This carriage, 
with the forms of type secured upon it, is adapted to move 
backwards and forwards upon steady guides or supports at- 
tached to the main frame of the machine, in such a position 
that the surfaces of the types may be operated upon by the 
circumference of their respective cylinders F and G, to pro- 
duce the impression as the carriage moves backwards and 
forwards. This reciprocating movement of the carriagte is 
effected by a pinion fixed upon the end of a vertical spindle, 
K, fig. 304, engaging in the teeth of an endless rack, L L, 
which is connected by a 83 'Stem of levers with the type car- 
riage, in such manner that when the pinion is turned round, 
it engages at alternate periods in the teeth formed upon the 
opposite sides of the rack L L, and, consequently, on the op- 
posite circumference of the pinion 5 thereby a continuous 
motion of the pinion communicates a reciprocating motion to 
the rack and carriage. The vertical spindle K, is turned by 
a pair of bevelled wheels from the pinion P, fig. 303, which 
receives its motion by an intermediate wheel, Q, from the 
toothed wheel upon the enc' >( the niain cylinder G. 

The mechanism for furnishing and distributing the ink 
upon the surfaces of the types in this machine, is very inge- 
niously arranged, and. performr its operationc with great 
certainty. It is one of the most important points, and the 
most difficult to effect in printing machines. Two similar 
and complete systems of inking apparatus, one situated at 
each end of the machine, are adapted to ink their respective 
forms of types ; we will therefore describe, by reference to 
fig. 304, the inking apparatus situated at the right hand end 
of the machine. It consists of a cylindrical metal roller, N, 
which has a slow rotatory motion commuuic,ated to it by a 
catgut band passii^ round a small pulley, upon the end of 
the axis of the main cylinder, G. The roller, N, is adapted 
to carry down a thin film of ink upon its circumference, by 
turning in contact with a mass of ink. disposed upon a ho- 
rizontal plate of metal, the edge of which plate is ground 
straight, und fixed by screws, r, r, at a small adjustable dis- 
tance from the surface of the said roller. V represents an 
elastic composition roller, which is mounted upon a frame 
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turning in an axis^ p, extending across the main frame of 
the machine. This roller is connected by crankcd*-levers, 
with a small eccentric circle fixed upon the end of the axis 
of the cylinder ( \s seen in fig. 303)^ which causes it to 
move round the axis, p, and remain for a short period in 
contact with the surface of the ink-roller N, (os seen by the 

r ition at the left band end of the machine, fig. 304), there- 
receiving a portion of ink upon its surface ; it then 
descends and rests with its whole weight upon the suiface 
of a fiat metal plate or table, T, which is affixed to the type 
carriage, ^seen in fig. 305; so that the reciprocating motion 
of the carriage causes the ink-table, T, to receive ink upon 
its shrface from the elastic roller V. In this situation, when 
the type carriage returns, the surface of the table T is obliged 
to pass under three small elastic rollers seen at R, which arc 
mounted upon pivots in a frame, with liberty of motion up 
and down, in order that the rollers may bear with their 
weight upon the surface of the table. 

The frame in which they are centered has also a slight 
end motion given to it by the inclined form of the end of 
the table T (as seen in fig. 305), bearing against a roller fixed 
upon the said frame. Thus the small composition rdller R, 
operates in a very complete manner to equalize the supply 
of ink over the surface of the table T, and by the farther 
motion of the type carriage, the ink-table is caused to pass 
under four small elastic rollers (seen at S), which, in like 
manner, bear with their weight upon the surface of the 
table (but without end motion), and thereby take up the 
ink upon their circumferences. The type carriage then re- 
turns, for the table T to receive a new supply of ink, and 
by the form of types passing under the elastic rollers, S, the 
letters become inked in a very perfect and uniform manner. 
Whilst the operation of inking «,he types is going on at one 
end of the machine, the ^ rinting is performed at the other 
end on one of ^he sides of the sheet from the types last 
inked, and vice versa. The type carriage is caused to move 
steadily along with the circumferences bf the cylinders F 
and G, by having racks, yy, formed on each side of the 
forms of types (as seen in fig. 304), which engage with sec- 
tors, or portions of toothed wheels, or upon the ends of 
the said cylinders ; at which part the surfaces of the cylin- 
ders are covered with a blanket or felt, to give elasticity, and 
cause them to press equally upon the paper, as in ordinary ^ 
printing presses. 

The machine is put in motion by a strap, yy, passing 

x2 
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round a pulley, X, as seen in fig. 303, upon the axis of wbich 
a pulley or pinion is fixed, engaging with the teeth of the 
large wheel upon the end of the main cylinder Q. Thus 
the various cylinders, vvith their two systems of tapes, are 
caused to revolve with an uniform movement in the direc- 
tion of the arrows (seen in fig. B04), whilst the type-carriage 
travels alternately backwards and forwards upon its guides, 
as before mentioned. 

The operation of printing is performed as fallows : — 
The sheets of blank paper are laid, one by one^ upon the 
tabic B, so as to bear upon the linen tapes which extend 
overils surface. In this situation, the rollers Cand Pare 
caused to move a portion of" a revolution, by the operation 
of a lever fixed upon the axis of the roller D, being acted 
upon by another lever fixed on the cog-wheel- of the main 
cylinder, F. This motion advances the sheet of paper suf- 
ficiently to enable it to be seized between the two systems 
of endless tapes at the point where they meet each other, or 
between tlie rollers h and E. As soon as the sheet of paper 
is carried clear off the table B, the rollers C and D are 
caused to turn back again to their original position, by the 
operation of a weigh t,W, and cord, w, as seen in fig. 304, ready 
to advance a second sheet of blank paper into the machine. 
The sheet of paper is carried along between the system of 
tapes, and applies itself to the circumference of the main 
cylinder, F, upon the blanket before mentioned ; and by the 
continuous motion of the cylinder, the sheet of paper is 
pressed upon the surface of the form of type^ as they pass 
under the cylinder by the reciprocating motion of the car- 
riage. 

By this means, one of the sides of the sheet receives its 
impression at the same time that the form of types situated 
at the opposite end of the carriage is receiving the ink, as 
^before described. Now, by the continuous motion of the 
machine, the sheet of paper advances in company with the 
endless tapes, round the intermediate cylinders, H and I, 
until it applies itself to. the blanket upon the surface of the 
main cylinder G ; at which place it will be found in an in- 
verted position, so that the printed side of the sheet is in 
contact with the blanket and the blank side of thesheet down- 
wards, which, upon ificeting with the other form of types at 
the proper instant, is pressed upon their surface sufficiently 
to produce the impression. Thus having arrived at the 
-point t, where the two systems of tapes separate, the print- 
ed sheet is delivefed upofi the board Z*, where it is received 
by a boy, and laid upon the pile. 
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Engravings of this machine have appeared in several 
periodical publications^ and in the Supplement to the Ency* 
clopeedia Britannica, in all of which it is called Densley's 
Printing Machine.’’ This is a mistake^ as Applcgath and 
Cowper ar<e the original inventors and patentees of the iden- 
tical machine from which those engravings were made. It 
must have been merely from the circumstance of its being 
in Mr. Bensley’s office that his name has been erroneously 
affixed to it. 

With these machines arc now printed^ the Morning 
Chronicle^ English Chronicle^ St. James’s Chronicle, White- 
hall Evening Post, Morning Herald, Examiner, Sunday 
Times, Bell’s Messenger, and John Bull newspapers. The 
machine by which the Moniing Herald is printed throws off 
2400 newspapers per hour, printed on one side ; which is 
the customaiy way of printing newspapers, in order to al- 
low time for the other half of the paper to be composed. 


PECHEY’S MANGLE. 

In 1822, the Society of Arts awarded to Mr. Elisha Pechey 
a silver medal and ten guineas for an improvement in the 
common mangle. The novelty ii^ this mangle is the con- 
trivance for obtaining the alternate forward and backward 
motion of the box, and consequently of the rollers, by con- 
tinually turning the winch in the same direction. This way 
of obtaining the alternate forward and backward motion 
may frequently be advantageously introduced in other ma- 
chines, we, therefore, have extracted a description of it from 
that Society’s Transactions. 

Fig. 310 is a plan or view of the upper side of the mangle. 

Fig. 311 is an end view. 

Fig. 312 is a side view ; the bottom }>artB of the fram^eing repre^ 
sented as broken off, so as to reduce it within the plate ; Imt the whole 
height is seen in fig. 311. 

The same letters of referenoe apply to the same parts in each figure. 

Fig. 313 is a section of a double rack, a a, and 6 b, together with the 
plumnicr blocks, or rades, c c, (which support and guide the rack, or 
axis, d d, fig. 313*,) being cut by a plane in the direction of, and perpen- 
dicular to, tne axis. 

Fig. 313* is a similar section, skewing the rack in another situation, 
as will be hereafter described. 

Fig. 314 is a view of part of the shaft, d d, shewing the two journals, 
e e, which turn and are supported in the plitmmer blocks, and also the 
pinion, y, of three teeth, forming the middle part of the shaft which 
works into the racks. 
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Fiff* is a section of tke plummer block, cut in the direction of 
the dotted line, s 313, and of the pinion,/, together with a side 

view of one end of tne racks, a a and h A. 

Pigs. 313, 313*, 31 1, and 314/*, are drawn double the size of the former. 

A, A, &c. is the frame of the mangle, B B, is the movable box, which 
contains heavy M^eighta, and C C two rollers, which are all made in a si- 
milar way to other mangles. 

On the upper side of frame A A, &c. are fixed hcadstocks, D D, which 
are fixed and kept perpendicular to each other by an iron bar, h h; on 
the upper side of the bar arc fixed the plummer blocks ce; the upper and 
lower parts of the plummer blocks have projecting pieces, t f, Midjj, see 
figs. 313 and 313*, which sujjport and guide the double rack ; a a and 
b b IS tlic double rack which is fixed parallel to the box B B, by means 
of two perpendicular studs, k k ; the studs pass loosely through loops in 
e ich end ot the racks so that the rack is at liberty to move up and down, 
br i'ig at the same time prevented from sliding off by the pins / /, fig. 313; 
each end of the rack is supported by two spiral springs mm, fig. 3 10, fixed 
on the upper side of the box ; the ends of these springs' pass through small 
holes in the ends of the rack, and tend to support it in a middle sitiia* 
tiuii, such a position as that the pinion / fig. Si t*, shall be in gear 
with the upper bar of the rack. The double rack consists of a flat bar of 
iron, having teeth formed in the internal part of it (as shown in figs. 313 
and 314*,) and also two fins or ribs, n and o, fig. 313, fixed to the upper 
and lower edges of it, and projecting on each side of the rack. The use 
of these fins is to support the rack in the two situations as shown in 
figs. 313 and 313*. d fig. 310, is a shtift or axis, which is supported 
by the head stocks D D, and by the plummer blocks c c, having a fly wheel 
p, fixed to one end of it, and a winch to the other, by which means the 
machine is put iu motion ; in the middle part of the shaft d d, is the 
pinion /, shown in fig, 314, which i^orks in the teeth of the rack; in figs. 
313 and 314^, the pinion is re^esented working in the upper railcn a. 

Now suppose a rotatory motion be given to the winch, the 
pinion will cause the rack, together with the box, &c. to move 
in a longitudinal direction till the end of the rack has arrived 
at the pinion, when it will be seen, by referriug to fig. 314^*, 
that the rack cannot pass any further in that direction. By 
continuing to turn the winch in the same direction as at first, 
it is evident that the next tooth’of the pinion will take into the 
gap in the end of the rack, and thus cause the rack to slide 
up the stud k, till the fins on each side of the rack are raised 
above the jprojec ting pieces i i and/;, fig. 313*, of the plum- 
mer blocks : the next succeeding tooth will act in the first gap 
of the lower rack b b, which will cause the rack, together 
with the box, &c. to move in the contrary direction till the 
other end of the rack has arrived at the puiion, when a 
tooth of the pinion will act in the gap in that end, and 
cause the rack to slide down the stud K, when t the next 
tooth of the pinion will act in the first gap of the upper 
ri^ck, and cause the rack to move in the direction first men- 
tioned, and, by continuing the motion of the winch in the 
same direction, an alternate motion of the rack-box, &c« is 
effected. 
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To replace or change the rollers C C, one of the arma^ r, 
or Sf fig. 310, must be turned on the joint by which it is fas- 
tened to the plummer-block, in a direction parallel to the 
side of the rack as shewn in fig. 310. 

The arm forms an inclined plane, as shewn at r, fig. 312, so 
that when the end of the box, B B, approaches towards the 
centre of the fram^ the friction- roller, L (one of which is 
fixed to each end of the box), passes up toe arm or inclined 
plane r, and raises the end of the box. so tliat the roller, C, 
may be removed. 


PILE-ENGINE. 

Thk pile-engine is a machine by which piles are driven 
into the ground for the foundation of the piers of bridges, and 
various other structures. 

TKe method of driving a pile consists in drawing up a Very 
heavy weight, called a ram or hammer, and by disengaging it 
from the machinery by which it was raised, letting it fall, by 
the force of gravity, upon the head of the pile. In the most 
simple machines the weight is drawn up by men pulling a 
cord over a fixed pulley, and when it has attained a sufficient 
height allowing the cord to slip from their hands, which 
permits the weight to descend with considerable force. The 
two best pile-engines that wc have seen are those invented 
by Mr. Vaulou^ and Mr. S. Bunce. 

Mr. Vaulou^'B pile-engine may be thus described. A, fig. 300, is a great 
upright shaft or axle, on which are the great wheel and the drum C, 
turned by horses joined to the bars S S. The wheel B'tums.the trundle X, 
on the top of whose axis is the*fly 0> which serves to regulate the motion, as 
well as to act against the horses, and to keep them from falling, when the 
heavy ram Q is discharged to drive the pile P down int^; the mud in the 
bottom of the river. The drum C is loose upon the shaft A, but is locked 
to the wheel, B, by the bolt Y. On this drum the great rope H H, is 
wound ; one end of the rope being fixed to the drum, and the other to the 
follower G, to wliich it is conveyed by the pulleys 1 and K. In the fol- 
lower G is contained the tongs F* that take hold of the ram Q, by the 
staple R, for drawing it up. D is a spiral or fusee fixed to the drum, on 
wliich is wound the small ropej!', that goes over the pulley U, under the 
pulley V, and is fastened to the top of the frame at 7. Tothe pulley block 
V is hung the counterpoise W, which hinders the follower G from acce- 
legating as it goes down to take hold of the ram ; for, as the follower tends 
to acquire vetovity in its descent, the line T winds downwards u^on the 
fusee upon a larger and larger radius, by which means the counterpoise, W, 
acts stronger and stronger against It ; and so allows it to come down with 
only a niodehite and unifoiTn velocity. The bolt Y locks the drum to the 
great wheel, being pushed upward by the small lever 2, which goes through 
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a mortice in the shaft A, turns upon a pin In the bar 3, fixed to the ffreat 
wheel Bf and has a weig'ht 4, which always tends to push up the bolt Y, 
throug^h the wheel into the drum. L is the great lever turnings on the 
axis m, and resting: on the forcing bar 5, 5, which goes through a hollow 
in the shaft A, and bears up the little lever 2. 

By the horses Gfoing rounu« the g^rcat rope H is wound about the drum C> 
and the ram Q is drawn up by the tongfs F, in tlie follower G, until the 
timgs come between the. inclined planes E, which, by shutting thll^tpogs at 
the top, opens it at the foot, and discharges the ram, which falls doVn be- 
tween the guides b b, upon the pile P, and drives it by a few strokes as far 
into the mud as it will go, after which the top part is sawed off close to the 
mud by an engine for that purpose. Immediately after the ram is dis- 
charged, the piece fi, upon the follower G, takes hold of the ropes a a, 
which raises the end of the h?ver L, and causes its end» N, to descend and 
press down the fifrcing bar'd, upon the little lever 8, which, by pulling 
down the bolt Y, unlocks the drum C .from the great wheel B, and then 
the follower being at liberty comes down by its own weight to the ram, 
and the lower ends of the tongs sKp over the staple R, and the weight of 
their heads causes them to fall outward and shut upon it. Then the weight 
4 pushes up the bolt Y into the drum, which locks it to the great wheel, 
and so the ram la drawn up as before. 

As the follower comes down, it causes the drum to .turn backward, and 
nil winds the rope from it, whilst the horses, great wheel, trundle, and fiy, 
go on witli an uninterrupted motion ; and' as the drum is turning back- 
ward, tlie counterpoise, W, is drai^n up, and Its rope T> wound upon the 
spiral fusee D. 

There arc several holes in the under side of the drum, and the bolt Y, 
always takes the first of them that it finds, when the drum stops bv the fall- 
ing of the follower upon the ram ; until which stoppage the bolt has not 
time to slip into any of the holes. 

The peculiar advantages of this engine arc, that the weight 
called the ram, or hammer, may be itiised with the least 
force ; that when it is raised to a proper height, it readily 
disengages itself and falls with the utmost freedom; that 
the forceps or tongs arc lowered down speedily, and instantly 
of themselves again lay hold of the ram and lift it up. 

This engine was placed upon a bkr^e on the water, and so 
was easily conveyed to any place desired. The ram was a 
ton weight ; wd the guides b b, by which it was let fall, were 
30 feet high. 

Pigs. 307 and 308 represent a sieje and front section of 
Bunce*s pile- engine. 

The chief parts are A, fig. 307, which are two endless ropes ar chains, 
connected by cross pieces of iron, B, (fig*. 308,) -corresponding with two 
cross grooves diametrically opposite in the wheel C, (fig. 30*7,) into which 
they arc received, and hy which means the rope, or chain A is carried 
round. P, H, K, is a side view of a strong wooden frame movable on the 
axis H. 'D is a wheel, over which the chain passes and turns within at the 
. top of the frame. It moves occasionally from F to G, upon the centre H, 
and is kept in the position P, by the weight I, fixed to the end K. In fig. 

L is the iron ram, which is connected with the cross pieces by tlie 
J^ook m, N is a cylindrical piece of wood suspended at the hook at Q, 
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ivhicTi b;^ sliding^ freely up the bar that connects the hoede to the rani» al- 
ways brings the hook upright upon the chain when at the bottom of the 
machine, in the position of G P : see fig. 907. 

^Hien the man at S turns the usual crane- work, the ram being connected 
to the chain and passing between the guides, is drawn up in a perpendicu- 
lar direction, and when it is near the top of the machine, the projecting 
bar Q, of the hook, strikes against a cross piece of wood at R, fig. 307, 
and consequently discharges the ram ; while the weight 1 of the movable 
frame instantly draws the upper wheels into th^osition shown at F, and 
keeps the chain free of the ram in its descent, llie liook,^ while descend- 
ing, is prevented from catching the chain by the wooden niece R ; for that 
piece being specifically lighter than the iron weight below, and moving 
with a less degree of velocity, cannot come into contact with the iron till 
it is at the bottom and the ram stops. It then falls, and again connects 
the hook with the chain, which draws dp the ram as before. 

In this maebine^ as well as Vauloud’s, the motion of the 
first wheel is interrupted^ so that very little time is lost in 
the operation ; with a slight alteration it might be made to 
work with horses. It has the advantage over Vauloud’s en- 
gine in point of simplicity; it may be originally constructed 
at less expense, and is not so liable to be deranged. Both, 
however, are ingenious performances, and part of their con- 
struction might be advantageously introduced into other 
machines. 

Notwithstanding the ingenuity displayed in the.constnic- 
tionlK the two pile> engines above described, they are now 
almost entirely superseded by one of much greater simpli- 
city, which is too well known to require description. 

To estimate the force of the rammer made use of to drive 
piles, when it is raised by men drawing it up by a cord ; 
and who, when it u sufficiently elevated, let the cord slip 
from their hands, its weight ought to be multiplied into the 
velocity it acquires in falling. Thus, if a rammer which 
weighs 5001bs. be let fall from four feet, it will fall that height 
in half a second, and have, at the time of percussion, a velo- 
city capable to cany it uniformly eight feet in half a second, 
without any further Help from ^gravity; so that we must 
multiply 600 by 16, or its weight by the number of feet it 
would fall in a second, and the product 8000 gives the mo- 
mentum of the stroke. If a capstan, pulley, or windlass, 
be made to raise the hammer to a considerable height, and 
then, by an easy contrivance, loosen it at once from its 
hook, the momentum of the stroke will always be as the 
square root of the height from which the rammer fell, 
i Though the momentum, or force of a body in motion, is 
as the weight multiplied by the velocity, or simply as its 
velocity when the weight is given, or constant ; yet the ef- 
fect of the blow will,be nearly as the square of that velocity ; 
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the effect being the quantity the pile is driven into the 
ground by the stroke. For the force of the blow. Which is 
transferred to the pile, being destroyed in some certain de* 
finite time by the friction of the part which is within the 
earth, which is nearly a constant quantity, and the spaces in 
constant forces bein^ as the squares of the velocities ; there** 
fore, the effects, which are those spaces sunk, are nearly as 
the squares of the velocities, or, which is the same thing, 
nearly as the heights fallen by the ram or hammer to the 
head of the pile. 


FILE-CUTTING MACHINE. 

There have been various contrivances for this purpose; 
but the best we are acquainted with is described in the 
Transactions of the American Philosophical Society, and is 
as follows : 

AAA A, fig. 315, is a bench of seasoned oak, the face of .which 
is planed very smooth. B B B B the feet of the ^nch, which should 
be substantial. C C C C the carriage on which the files are laid, which 
moves along the face of the bench AAA A, parallel to its sides, and 
carries the files gradually under the edge of the cutter or chisel HH, 
while the teeth are cut: this carriage is made to move by a contri- 
vance somewhat similar to that whidi carries the log against ^||||| saw 
of a saw-mill, as will be more particularly described. D D D are three 
iron rods inserted into the ends of the carriage C C C C, and passing through 
the holes in the studs £ £ £, which are screwed firmly against the ends of 
the bench A A A A, for directing the course of* the carriage C C C C, pa- 
rallel to the sides of the bench. F F two upright pillars, mortised firmly 
into the bench A A A A, nearly equidistant from each end of it, near the 
edge, and directly opposite to each other. G the lever or arm which 
carries the cutter H H, (fixed by the screw I,) and works on the centres of 
two screws K K, which are fixed into the two pillars F F, in a direction 
right.across the bench A A A A. By tightening or loosening these screws, 
the arm which carries the chisel may be made to work more or less steadily. 
L is the regulating screw, by means of which the files may be made coarser 
or finer ; this screw works in a stud M, which is screwed firmly upon the 
top of the stud F ; the lower end of the scvevf L bears against the upper 
part of the arm G, and limits the height to which it can rise. N is a steel 
spring, one end of which is screwed to the other pillar F, and the other end 
presses agaipst the pillar O, which is fixed upon the arm G ; by its pressure 
it forces the said arm upwards until it meets with the regulating screw L. 
P is an arm with a claw at one end marked 6, the other end is fixed by a 
joint into the end of the stud or pillar O, and, by the motion of the arm 
G, is made to move the ratch-wheel Q. This ratch-wheel is fixed upon an 
axis, whi(^ carries a small trundle-head or pinion R, on the opposite end ; 
this takes into a piece S S, which is indented with teeth, and screwed firmly 
^instone side of the carriage CCCC; by means of this piece motion 
is communicated to the carriage. F is a clamp for fastening one end of 
the file Z Z in the place or bed on which it is to be cut. V is another 
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d«iiip or at th« owposito end, whidi wdiIgb bjr a A.adY 

into the ecmage C C uC. Y ia a bridge, likewise screwed i&to the oar- 
riagje, through which the screw^ X passes, and presses with its lower end 
siwnst die upper side of the clamp V ; under whidi clamp the other end 
of the file Z Z is placed, and held firmly in Us situation while it is cutting 
by thei pmssure ot the said damp V. 7 7 7 7 is a bed of lead, which is let 
into ft cavity fiarmed in the bo^ of the cairiage, something broader and 
longer than the largest size files ; the upper tace of this bed of lead is 
formed variously, so as to fit the different kinds of files which may be re- 
quired. At the fibres 2 2 are two catches, which take into the teeth of the 
ratch-wheel Q, to prevent a recoil of its motion ; 8 3 is a bridge to support 
one end, 4, of the axis of the ratch*wheel Q ; 5 a stud to support the other 
end of the axis of that wheel. 

When the file or files are laid in their place, the machine must be ref- 
lated to cut them of the due degree of fineness, by means of the regulating 
screw L; which, by screwing farther through the arm M, will make 4he 
files finer, and, vice vereAy by unscrewing it a little, will make them 
coarser;, for the arm G wiU, by that means, have liberty to rise the higher, 
which will occasion the arm P, with the claws, to move further along the 
periphery of Ihe ratcb^wheel, and consequently communicate a more 
extensive motion to the .carriage C C C C, and make the files coarser. 

When the machine ia thus adjusted, a blind man may 
cut a file with more exactness than can be done in the usual 
method by the keenest sight ; for by striking with a hammer 
on the head of the cutter or chisel H H, all the movements 
are set at work j and by repeating the stroke with the ham- 
mer, Ae files on one side will at length be cut; then they 
must be turned, and the operation repeated for cutting on 
the other side. It is needless to enlarge much on the utility 
or extent of this machine; for, on an examination, it will 
appear to j^ersons of but indifferent mechanical skill, that 
it may be made to work by water as well as by hand, to cut 
coarse or fine, large or small, files, or any number at a time; 
but it may be more particularly useful for cutting vefy fine 
small tiles for watchmakers ; as they may be executed by 
this machine with the greatest equality and nicety imagin- 
able. As to the materials and dimensions of the several parts 
of this machine, they are left to the judgment and skill of 
the artist who may have occasion to make one ; only ob- 
serving, that the whole should be capable of bearing a good 
d6al pf violence. ^ 


RAMSDEN'S DIVIDING MACHINE. 

This valuable instrument is the invention of Mr. Jesse 
llamsdcn, to whom the Commissioners of Longitude gave 
the sum of 616/., upon his entjcring into an eng^ement to 
instruct a certain number of persons, not exceeding ten, in 
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the method of making ahd nsing^thia machine^ in the apace 
of two years^ say, from the 28th October, I77fi> to 28th Oc- 
tober, 1777 1 binding himself to divide all sectants and 
octants by the same engine, at the rate of three shillings for 
each octant, and six shilUiigs for each brass sectanl, .with 
Nonhis’s divisions to half minutes, for as long time as the 
Commissioners should think proper to let the engine remain 
in his possession. Of this sum 300/. were given to Mr. Rams- 
den, as a reward for the usefulness of his invention; and 315/» 
for his giving up the property of it to the Commissioners. 

The allowing is the description of the engine given by 
Mr. Ramsden, upon oath : ' 

This engine consists of a large wheel of bell-metal, sup- 
ported on a mahogany stand, having three legs, which are 
strongly connected together by braces, so as to make it j^er- 
fectly steady*. On each leg of the stand is placed a conical 
fr'ttion-pulley, whereon the dividing wheel rests ; to prevent 
the whee' from sliding off the frtction-pullies, the beU-metal 
centre under it turns in a socket on the top of the stand. 

The circumference of the wheel is ratched or cut (by a 
method which will be described hereafter) into 2160 teeth, 
in which an endless screw acts. Six revolutions of the screw 
will move the wheel a space equal to one degree. 

Now a circle of brass being fixed on the screw-arbor, 
having its circumference divided into sixty parts, each divi- 
sion will, consequently, answer to a motion of the wheel of 
ten seconds, six of them will be equal to a minute, &c. 

Several different arbors of tempered steel are truly 
ground into the socket in the centre of the wheel. The 
upper parts of the arbors, that stand upon the plane, are 
turiied of various sizes, to suit the centres of different pieces 
of work to be divided. 

When any instrument is to be divided, the centre of it is 
very exactly, fitted on one of these arbors ; and the instru- 
ment is fixed down to the plane of the dividing wheel, by 
means of screws, which fit into holes made in tiie radii of 
the wheel for that purpose. 

The insibrument being thus fitted on the plane of the* wheel, 
the frame which carries the dividing point is connected at 
one end by finger-screws, with the frame which carries the 
endless-screw; while the other end embraces that part of 
the steel arbor which stands above the instrument to be 
divided, by an angular notch in a piece of hardened steel ; 
by this means both ends of the frame are kept perfectly 
steady and free from any shake. 
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The c^ing the dividing^ is mtide 

Id slide on the fntme which carries the endless-gcrew to any 
distance from the centre of die wheel, as the radius of the 
instrument to be divided may require, and may be there 
ikstened by tigbtening^two clumps j and the dividing-point 
or toacer, being connected with the clumps by the £>uble- 
jointed frame, admits a free and easy motion towards or 
from the centre for cutting the divisions, without any lateral 
shake. 

From what has been said, it appears that an instrument 
thus fitted on the dividing- wheel, may be moved to any angle 
by the screw and divided circle on its arbor ; and that mis 
angle may be marked on the limb of the instrument with the 
greatest exactness by the dividing-point or tracer, which can 
only move in a direct line tending to the centre, and is alto- 
gether freed from those inconveniences that attend cutting 
by means of a straight edge. This method of drawing lines 
will also prevent any error that might arise from an expan- 
sion or contraction of the metal during the time of dividing. 

The screw-frame is fixed on the top of a conical pillar, 
which turns freely round its axis, and also moves freely 
towards or from the centre of the wheel, so that the screw- 
frame may be entirely, guided by the frame which connects it 
with the centre: by this means any eccentricity of the wheel 
and the arbor would not produce any error in the dividing ; 
and by a particular contrivance, (which will be described 
hereafter,) the screw w^hen pressed against the teeth of the 
wheel always moves parallel to itself ; so that a line joining 
the centre of the arbor and the tracer continued will always 
make equal angles with the screw. 

Fig. 316 represents a perspective view of the engine. 

Fig. 817 is a plan of which fig. 318 represents a section on the line IIA. 
The large wheel A is 45 inches in diameter, and has 10 radii, each being 
supported by edge-bars, as represented in fig. 318. These bais and radii 
are connected by a circular ring B, 24 inches in diameter and 3 inches deep j 
and, for greater strength, the whole is cast in one piece in bell-metal. 

As the whole weight of the wheel A rests on its ring B, the edge-bars 
are deepest where they join it ; and from thence thdr depth diminishes, 
both towards the centre and circumference, as represented in fig. 318 
The surface of the wheel A was worked very even and flat, and its cir- 
cumference turned truek The ring C, of fine brass, was fitted veiy exactly 
on the circumference of the wheel ; and was fastened thereon with screws, 
which, after being screwed as tight as possible, were well rivetted. The 
face of a large chuck beinff turned very true and flat in the lathe, the flat- 
tened surface A, fig. 318, of the wheel, was fastened against it with hold- 
fesfe; ^nd the two surfeces and circumference of the ring C, a hole through 
the' centre and the plane part round 5, and the lower edge of the ring B, 
were turned at the same time. 

D is a piece of hard bell-iuetal, having a hole, which receives the steel 
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afbor mad« veij fUftight and trae. ThubelUnatal was turned Yaip4rue 
on an arbor; and the face, which rests on a wheel at 6, was tamed very 
flat, so that tha steel arbor d might stand per(>endieular to the plane of the 
wheel; this bell-metal was fastened to the wheel by six steel screws. 

A brass socket Z is fastened on the centre of the mahogany stand, and 
receives the lower part of the bell-metal piece D, being made to touch the 
bell-metal in a narrow part near the mouui, to prevent any obliquity of the 
wheel from bending the arbor ; good fitting is by no means necessary here ; 
since any shake in this socket will produce no bad efiect, as wHi appear 
hereafter when we describe the cutting-frame. 

Ihe wheel was then put on its stand, the lower edge of the ring B, 
figs. 316, 317, and 318, resting on die ciicumference of three conical friction 
pulleys W, to facilitate its motion jroiind its centre. Tlie axis of one of 
these pulleys is in a line joining the centre of the wheel and the middle of 
the endless-screw, and the other two placed so as to be at equal distances 
from each other. 

Fig. 316 is a block of wood strongly fastened to one of the legs of the 
stand ; the piece ^ is screwed to the upper side of the block, and has half- 
holes, in which the transverse axis A, fig. 319, turns; the hal^holes are kept 
together by the screws i. 

The lower extremity of the conical pillar P, figs. 316 and 319, terminates 
in a cylindrical steel pin A, fig. 319, which passes through and turns in the 
transverse axis A, and is confined by a check and screw. 

To the upper end of the conical pillar is fastened the frame G, fig. 319, 
in which the endless-screw turns; the pivots of the screw are formed in the 
manner of two frustruras of cones join^ by a cylinder, as represented at X, 
fig, 320. These pivots are confined between half-holes, which press only 
On the conical parts, and do not touch the cylindric parts ; the half-holes 
are kept together by screws a, which may be tightened at any time, to 
prevent the screw from shaking in the frame. 

On the screw-arbor is a small wheel of brass K, figs. 316, 317, 319, and 
320, having its outside edge divided- into 60 parts, and numbered at every 
sixth division with 1, 2, &c. to 10. llie motion of this wheel is shown by 
the index y, figs. 319 and 320, on the screw-frame G. 

H, fig. 316, represents a part of the stand, having a parallel slit in' the 
direction towards the centre of the wheel, large enough to receive the upper 
part of the conical brass pillar P, which carries the screw and its frame; 
and as the. resistance, when the wheel is. moved by the endless-screw, is 
against the side of the slit H which is towards the left hand, that side of 
this slit is faced with brass, and the pillar is pressed against it by a steel 
spring on the opposite side ; by this means the pillar is strongly supported 
laterally, and yet the screws may be easily pressed from or against the 
circumference of the wheel, and the pillar will turn freely on its axis to take 
any direction given it by the frame L. 

At each corner of the piece I, fig. 319, are screws n, of tempered Steel, 
having polished conical points ; two of them turn in conical holes in the 
acrew-fiame nearo, and the points of the other two screws turn in the 
holes in the piece Q ; the screws p are of steel,, which being tightened, 
prevent the conioal pointed sciews from untuming when the frame is 
moved. 

L, figs. 316, 317, and 321, is a brass frame, v^ich serves to connect the 
endless-screw, its frame, &c. with the centre of the wl^eel ; each arm of this 
frame is terminated by a steel screw, that may be passed through any of 
the holes in the piece Q, fig. 319, as the thickness of the wo);k to be 
divided on the wheel may require, and are fastened by thje finger-uuts r, 
figs. 316 and 317. 
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At the etid of this frame is a fiat piece of tempered steel 6, fig, 821, 
vrherein is an angular notch ; when the endless-screw is pressed against the 
teeth of the circumference of the wheel, which itSky be done by turning 
finger-screw S, fige. 316 and 3 IT, to press against the spring t, this notch 
embraces and presses against the steel arbor d. This end of the frame may 
be raised Or depressed by moving the prismatic^lide a, fig. 317, which may 
be fiked' at any height by the four steel screws v, figs. 316, 317, and 321. 

The bottotai ‘6f UiisAlide has a notch K, figs. 316 and 321, whose plane is 
parallel to the*' endless-screw, and by the point of the arbor if, fig. 318, 
resting in this* notch, this end of the frame is prevented from tilting. "The 
screw S, figs« 31d and 817, is prevented from onturning, by tightening tlie 

• finger-nut w. 

The teeth on the circumferfiuce of the wheel were cut by 
the following method: 

Having considered what number of teeth on the circum- 
ference would be most convenient^ which in this engine is 
2160, or 360 multiplied by 6, 1 made two screws of the same 
dimension of tempered steel, in the manner liereafter de- 
scribed, the interval between tlie threads being such as I 
knew by calculation would conie within the limits of what 
might be turned of the circumference of the v’heel : (jue of 
these screws, which was intended fof ratching or cuttiiig the 
teeth, was notched across the threads, so that the screw, 
when pressed against the edge of the wheel and turned 
round, cut in the manner of a saw. Then having a segment 
of a circle a little greater than 60 degrees, of about the same 
radius with the wheel, and the circumference made true, 
from a very fine centre, 1 described an arch near the edge, 

* and set off the chord of 60 degrees on this arch. This seg- 
ment was put in the place of the wheel, the edge of it was 
ratched, and the numt^er of revolutions and parts of tlie 
screw contained between the interval of the 60 degrees were 
counted. The radius was corrected in the proportion of 
360, revolutions, which ought to have been in 60 degrees, to 
the number actually found; and the radius, so corrected, was 
taken in a pair of beam-compasses ; while the wheel was on 
the lathe, one foot of the compasses was put in the centre, 
and with the other a circle was described on the ring; then 
half the depth of the threads of the screw being taken in 
dividers, was set from this circle outwards, and another 
circle was described cutting this point; a hollow was then 
turned on the edge of the wh%el, of the same curvatui*e as 
that of the screw at the bottom of the threads, the bottom 
of this hollow was turned to the same radius or distance from 
the centre of the wheel, as the outward of the two circles 
before-mentioned. 

Tlie wheel was now taken off the lathe, and the bell-metal 
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piece ISg. SIS^ was screwed on as before directed^ wldch 
after this ougfat not to be removed. 

From a veiy exact centre a circle was described on the ring C, figs. 316, 
3.17j^ and 318, about four-tenths of an inch within where the bottom of the 
teedi would come. This circle was divided with the greatest exactness I 
was capable of, first into five parts, and each of these into three. These 
parts were then bisected tour times, (that . is to say,) supposing the whole 
circumference of the wheel to contain 2160 teeth, this Dewa dGvided into 
five parts, each would contain 432 teeth ; which being divided into three 
parts, each of them would contain 144; and this space bisected four times 
would give 72, 36, 18, and 9 ; therefore each of tne last divisions would 
contain nine teeth. But, as 1 was ipprehensive some error might arise 
from quinquesection and trisection, in order to examine the accuracy of the 
divisions, I described another circle on the ring C, (fig. 322,) one-tenth of 
an inch within the former, and divided it by continual bisections, as 2160, 
1080, 540, 270, 135, 67|, and 33|; and as the fixed wire (to be described 
presently) crossed both the circles, I could examine their agreement at 
every 135 revolutions; (after ratching, could examine it ateve^ 33|;) but 
nut finding any sensible difference between the two sets of divisions, 1, for 
ratching, made choice of the former ; and, as the coincidence of the fixed wire 
with an intersection could be more exactly determined than with a dot or 
division, 1 therefore made use of infersections in both circles before described. 

The arms of the frame L, fig. 322, were connected by a thin piece of brass 
of three-fourths of an inch broad, having a hole in the middle of four-tenths 
of an inch in diameter ; across this hole a silver wire was fixed exactly in a 
'» line to the centre of the wheel ; the coincidence of this wire with the inter- 
sections was examined by a lens seven-tenths of an inch focus, fixed in a tube 
which was attached to one of the arms L.* Now a handle or winch being 
fixed on the end of the screw, the division marked 10, on the circle K, was 
set to its index, and, by means of a clamp and adjusting-screw for that pur- 
pose, the intersection marked 1 on the circle C was set exactly to coincide 
with the fixed wire; the screw was ^then carefully pressed against the« 
circumference of the wheel, by turning the finger-screw S, then, removing 
the clamp, I turned the screw by its handle nine revolutions, till the inter- 
section marked 240 came nearly to the wire; then, untuming the finger- 
screw S, £ released the screw from the wheel, and turned the wheel back 
till the intersection marked 2 exactly coincided with the wire; and, by 
means of the clamp before-mentioned, the division 10 on tlie circle being 
set to its index, the screw was pressed against the edge of the wheel by the 
finger-screw S; the clamp wire removed, and the screw turned nine revolu- 
tions till the intersection marked 1 nearly coincided with the fixed wire; the 
screw was released from the wheel by unturning the finger-screw S as 
before ; the wheel was turned back till the intersection 3 coincided with 
the fixed wire ; the division 10 on the circle being set to its index, the 
screw was pressed against the wheel as before, and the screw was turned 
nine revolutions, till the intersection 2 nearly coincided with the fixed wire, 
and the screw was released; and I proceeded in this manner till the teeth 
were marked round the whole cinBumference of the wheel. This was 

K ed three times round, to make the impression of the screw deeper. 

ratched the wheel round continually in the same direction without 
ever disengaging the screw; and, in latching the wheel about 300 times 
round, the teeth were finish^. 

* The intersections are marked’fbr the sake of Ulostration, though propeily 
invisible, they lyiag under the brass plate. * 
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It U evident if the circumference of the wheel were even 
one tooth or ten minutes greater than the screw would 
require, this error would in tlie first instance be reduced to 
tVit part of a revolution, or two seconds and a half ; and these 
errors or inequaiities of the teeth be equally distributed 
round the' wheel at the distance of nine teeth fjrom each 
other. Now, as the screw in ratching had continually iiold 
of several teeth at the same time, and these constantly 
changing, the above-mentioned ineoualities soon corrected 
themselves, and the teeth were reduced to a perfect equality. 
The piece of brass which carries the \vire was now taken 
away, and the cutting-screw ivas also removed, and a plain 
one (hereafter described) put in its place; on one end of the 
screw is a small brass circle, having its edge divided into 
sixty equal parts, and numbered at every sixth division, as 
before mentioned. 

On the other end of the screw is a ratchet-^wheel having sixty teeth, 
covered by the hollowed circle d, fig. -3^0, which carries two clicks that 
catch upon the opposite sides of the ratchet when the screw is to be moved 
forwards, llie cylinder S turns on a strong steel arbor F, winch passes 
through and is firmly screwed to the piece Y ; this piece, for greater firm- 
ness, is attached to the screw-frame G, fig. 319, by the braces w ; a spiral 
groove or thread^'is cut on the outside of the cylinder S, which serves both 
for holding the string, and also giving motion to the lever J on its centre, 
by means of a steel tooth n, that works between the threads of the spiral. 
To the lever is attached a strong steel pin m, on which a brass socket, r, 
turns ; this socket passes through a slit in che piece p, and may be tightened 
in any part of the slit by the finger-nut/; this piece sc.smbs to regulate the 
number of revolutions of the screw for each tread of the treadle li. 

T, fig. 316, is a brass box containing a spiral spring; a strong gut is 
fastened and turned three or four times round the ci»'cumferenceof this box; 
the gut then passes several times round the cylinder S, and from thence 
down to the treadle R, f’g. 316. when the treadle is press<jd down, 

the string pulls the cylindei S round its axis, and the clicks catching hold 
of the teeth on the ratchet carry the screw ii und with it, till, by die tooth tr 
working in the spiral groov"*, the lever J, fig. 319, is brought near the 
wheel a, and the cylinder stojiped by the screw-head, a, striking on the top 
of the .ever J ; at the same time the spring is wound up by the other end of 
the girt passing round the boxT, fig. 316. Now, when the foot is taken 
oft th# treadle, the spring, unbending itself, pulls back the cylinder, the 
clicks leaving the ratchet and screw at rest till the piece f strikes on the end 
of the piece p, fig. 316; the number of revolutions of the screw at each 
tread is limited by the number of revolutions the cylinder is allowed to 
turn back before the stop strikes on the piece p. 

When the endless-screw was moved round its axis with a considerable 
velocity, it would continue that motion a little after the cylinder, figs. 316 
and 319, was stopped; to prevent this, the angular lever p was made, 
that when the lever J comes near to stop the screw s, it, by a small cham- 
for, presses ' down the piece k of the angular lever ; this brings the other 
end, Vt of the same lever forwards, and stops the endless-screw by the steel 
pin, ft, striking upon the top of it ; the foot of the lever is raised again by a 
fin^i spring pressing on the brace v 
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D, two damps, connected by the piece a, slide one on each aimof the ftdthe 
figs. 316, 317, and 321, and may be fixed, at pleasme by the four finger** 
scr^s c, which press against the steel spring to avoid spoilti^ the arms i 
the piece q is made to turn withoifl. dmke betjreen two coiiical poinlea 
Icrewe^ which, ate prevented irom untuming by tightening the finger* 
nuts N. * ' . ' 

The piece m, fig. 321, h made to turn on the piece g, by the cfi^sicai 
pointeci screws, s, resting in the hollow centres e. 

As there is ^quent occasion to cut divisions on inclined planes, finr that 
purpose the piece, y, in whidt the tracer is fixed, has a conical axis at^ea^ 
end, which turn in half-holes ; when the tracer is set to any indimtiisi^ it 
may be fixed there by tightening the stisel screws A* 

Dewripiion ofth^ engiM hy which the efUUcic-cerew cf the dh USng^ su gim 

wtt$ eil. 

Pig. 324 represents this engine of its fiiUdimensiont, seen ftocn one side. 
Fig. 323, the upper side of the same, as seen from a^ve. 

A, represents a triangular bar of steel, to which the triangular holes in 
the pieces B and C are accurately fitted, and may be fixed on any part of 
the bar by the screws D. 

£ is a piece of *steel whereon the screw is intended to be cut; which, 
after being hardened and tempered, has its pivots turned in the form of two 
frustrums of cones, as represented in the drawings of the dividing-engine, 
fig. 320. These pivots were exactly fitted to the half-holes F and T, which 
were kept together by the screws s. 

H represents a screw of untempered steel, having a pivot I, which turns in 
the hole k ; at the other end of the screw is a hollow centie, which receives 
the hardened conical point of the steel pin m. When this point is sufficiently 
pressed against the screw, to prevent its shaking, the steel pin may be fixed 
oy tightening the screws Y. 

N IS a cylindric nut movable on the screw H ; which, to prevent any 
shakes, may be tightened by the screws O. This nut is connected with the 
saddle-piece P; by means of the intermediate universal joint W, through 
which me arbor of the screw H passes. ' A front view of this piece, with a 
section across the screw-arbor, is represented at X. This joint is connected 
with the nut by means of two steel slips $, which turn on pins between the 
cheeks T, on the nut N. The other ends of these slips, S, turn in like man- 
ner on pins a ; one axis of this joint turns in a hole in the cock 6, which is 
fixed to the saddle-piece ; and the other turns in a hole d, made for that 
purpose in the same piece on which the cock b is fixed. By this means, when 
the screw is turned round, the saddle-piece will slide uniformly along the 
triangular bar A. 

K is a small triangular oar of well-tempered steel, which slides in a groove 
of the same form on Che saddle-piece P. The point of this bar or 4aitter is 
formed to the shape of the thread intended to be cut on the endless-screw. 
When the Gutter is set to fake proper hold of the intended screw, it may 'be 
fixed by tightening foe screws e, which press foe two pieces of brass upon it. 

Having measured the chreumforenoe of the dividing-wheel, I found it 
would requi(le.a screw about One thread in a hundred coarser tl^ the guide- 
scirew firbot'H, and that on foe stub £,on which foe screw was to be cut, 
were Wpo>ttion4d to eadt other to proihiee that efbef, by giving foe wheel 
L' 196 teeth, and foe wheel Q SOQ. Ihese wheels comxsnmcated with each 
other by meens of the intermediate vfoeel R, whiqh also served to give foe 
threads on foe two screws foe same direction. 

The saddle-piece F Is eonfined oa foahar by means of the pieces 
and may be made40 did# with a proper degiee ei ti^iMns by foe seiews a 
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LATHES AND TUNING APPARATUS. 

Thb Itithe is a very useful engine for turning wood, ivory, 
metals, and other materids. 

The common lathe is composed of two wooden cheeks or 
sides, parallel to the horizon, having a groove or opening be- 
tweoi ; perpendicular to these are two other pieces, called 
puppet^i made to slide between the cheeks, and' to be fixed 
down at any point at pleasure. Tliese have two points, be- 
tween which me piece to be turned is sustained ; the piece is 
turned round backwards and forwards by means of a string 
put round it and fastened above to the end of a pliable pole, 
and underneath to a treadle or board moved with the foot. 
There is also a rest which bears up the tool, and keeps it 
steady. 

We shall now proceed to give Mr. J. Farey's description of 
the improved lathes manufactured by Mr. Her^ Maudslay^ 
of Margaret-street, Cavendish-square. ^ 

A, fig. 325, is the great wheel, with four grooves on the rim ; it is worked 
by a crank B, and treadle C, in the common way ; the catgut which goes 
round this wheel passes also round a smaller wheel D, called the mandrel, 
which has four grooves on its circumference, of different diameters, forgiving 
it different velocities, corresponding with the four moves on the great 
wheel A. In order to make the same hand suit, when applied to all the 
different grooves on the mandrel D, the wheel A can be elevated or depressed 
by a screw, a, and another at the other end of the axle ; and the connecting 
rod, C, can be lengthened or shortened by screwing the hooks at each end of 
it further out of, or into it. The end M, fig. 326, of tlie spindle of the 
mandrel D, is pointed, and works in a hole in the end of a screw, put 
through the standard E, fig. 325 ; the other end of the bearing F, hg. 326, 
is conical, and works in a conical socket in the standard F, 6g. 325, so that, 
by tightening up the screw in £, the conical end, F, may at any time be 
made to fit its socket ; the puppet G has a cylindric hole through its top to 
receive the polished pointed rod d, which is moved by the screw e, and 
fixed by the screw/; the whole puppet is fixed on the triangular prismatio 
bar 11, by a clamp, fig. 332, the two ends of which, o, 5, are put through 
holes, 5, in the bottom of the puppet under the bar, and the whole is fixed 
by the screw e pressing against it ; by this means the puppet can be tak(*ti 
off the bar without first taking off the standard I, as in the common lathes ; 
and the triangular bar is found to be far preferable to the double rectangular 
one in common use. The restj is a similar contrivance ; it is in three 
pieces ; see figs. 327, 328, and 329. Fig. 328 is apiece, the opening, a, 5, c, in 
which, is laid upon the bar H, fig. 325; the four tegs, ddda, of fig. 320, are 
then put up unaer the bar (into the recesses in fig. 328, which are made to 
receive them) so that the notches in d d if dmay he level with the top of fig. 
328 ; the two beads, efi in fig. 327, are then slid into the notches in the top 
of dd d d, fig. 328, to keep the whole together; the groove i is to receive a. 
corresponding piece qu s/feg. 327, to steady it; the whole of fig 327 has a 
metrilic cover, to keep the chips out of the grooves, ft is plain that, by tight-. 

Y 2 
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etiing th^ sci^w in the bottom of fig. 32Q, the whole will be fixed and pre- 
’ vented ffobi sHdioff along the barH» and fig. 327 from sliding inadirection 
perpesdioniflff to the bar; the piece*/, fig. g27, on wlpch the too^is laid, can 
be raised or lowered at pleasure, and fixed by a screw, m. On the end, n, of 
the spindle P, figs. 325 and 326, is scieimtd occasiont^y an imimsal mck 
fSr holding any kind of work which is-torbe4umed. (SMfig«330.) J^S$ Ihe 
female screw to receive the screw it, fig.>'323 ; near the bottom of the'scr^ 
A is another screw, B B, which is prevented from moving endways by e CoU 
lar in the middle of it fixed to the screw A ; one end of the screw B* B is 
cut right-handed, and the other lett-handed ; so that by turning the screw 
one way, the two nuts, £ F, will recede from each other, or by turning it the 
. contrary way, they will advance towards each other; the two nuts, £ F, 

» ' rough an opening in the plate C, and project beyond the same, carrying 
ke those of a vice, by wnich the subject to be turned is to be held. 
For turning faces of wheels, hollow work, &c. where great accuracy is 
wanted, Mr. Mandsiay has contrived a curious apparatus, which he calls a 
slide-tool, represented by fig. 331, where £ £ is the opening to receive 

the bar II, fig. 325, and it is fixed by the clamp, fig. 332, as before de- 
scribed ; the tool for cutting, &c. is fixed int'^ the two holders frfi, by their 
screws ; these holders are fastened to a sliding plate a, which cun be moved 
backwards and forwards by the screw e, cSii>ising the tool to advance or re- 
cede ; fig. 333 represents the under side (turning upwards) of the part A A, 
in which the so^w e is seen fixed at each end, an^i the nut d, which is at- 
tached to the underside of the plate a, working upon it. When it is neces- 
sary, as in the turning of the inside of cones, Sic, that the tool should not 
be parallel to the spindle P, the screw e, and another similar one behind, 
must be loosened, the tool set at the proper angle, and then be screwed tight 
again. In order to make the piece A A move truly when it is turned 
round, there is a hole/, fig. 333, to receive a knob ff, fig. 338, upon the 
plate B, which acts as a centre, and keeps it in place ; there are three 
boles on each side in the plate B, fig. 336, to put the screw e in at different 
times, thus giving to the tool a greater range than the circular openings S S 
will admit. 

The part £ £ E £, represented separately, and inverted, in fig. 334, is of 
cast-iron, and bas^a screw, A, working in it, similar to fig. 333 ; the nut of this 
screw is attached to the bottom of the slide II. fig. 335, at /, which slides 
in the groove t, figs. 33t and 334 ; at one end of it is a box containing a 
screw m, to be hereafter described, and at the other is a frame of brass K K. 
Near the same end of the slide is a pin L, projecting above the plate, which 
is put through an opening, y, in fig. 336, to steady it, while the other end C, 
of fig. 336, is put through an opening M, in the box D, fig. 335. In the 
part C is an oblique slit / /, to receive a stub which projects from the bot- 
tom of the nut n, worked by the screw m, fig. 335 ; by this arrangement it is 
obvious that if the screw m is worked, the stub of the not n, acting against 
^ slide of the slit / ^ ns an inclined plane, will move it either backwards or 
forwards through the opening M ; a metal cover r, fig. 338, is occasionally 
put over the opening for the nut n, and screw m, to prevent the chips from 
falling in. 

Near the four comers of the frame, fig. 336, are four small projectioDs,o ooo, 
with inclined sides, which fit into thn.four openings pppp^of figs. 337 and 
331 ; these openings are cut out in two braes plates, which are screwed qn at 
righkangles to the plate B B, figs. 331 and 337 ; the ends, qqqqy of these 
plates slide between the edges of the frame K K and the. box D, so as to 
prevent any other motion than a vertical one.’ When this slide tool is used, 
the puppet G is to be removed or pushed back further from F, and the tool 
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is put upcn the bai H, fig. 325, and fixed in the place of the rest by the 
damp, fig. 332, the distance fronathe centre u is adjusted by the scrW 5, 
which moves the slide, fig. 335, in the grooves i, figt. 331 and 334, with die 
whole apparatus upon it ; by the screw m, figs. 331 and 335, as before de- 
icribed, tne slide, na. 336, ma3r be moved in a direction peipradicular to tbo 
bar H, fig. 325, and its projections o o; acting aninst the sms pp, figs. 331 
and 337, as indined planes, will raise or lower die plate B, as is requiied. 

The tool, which has been before fixed in the holdent b b, can be set at the 
proper angle by loosening the screw e, as previously described ; and, lastly, 
the tool with the holders and slider e, can be advanced or withdrawn by 
working the screw e. The nuts of the screws e and A, fig. 331, are not 
screwed fast to the sliding plates, but are held by two pins f, fig. 335, which fit 
into grooves u, fig. 334, in each side of the nut ; by these means the sliding 

S late can at any time be taken out by only unscrewing one of the brass slides 
om the grooves i, without taking out the screw or nut. In order to make the 
grooves always fit their slides, the two pieces of brass pp, fig. 331, which 
compose the sides of the groove, have elliptic holes for their screws v, so as 
to admit, when the screws are slackened, of being pushed inwards by the 
screw w which works in a lump of metd cast with the part A A. 

The large lathes which Mi.Maudslay uses in his mauu** 
factory^ instead of being worked by the foot, as represented 
in fig. 325^ are worked by hand ; the wheel and fly-wheel 
which the men turn works by a strap on anotheriwheel fixed 
to the ceiling directly over it ; on the axis of this wheel is a 
larger one, which turns another small wheel or pulley fixed 
to the ceiling, directly over the mandrel of the lathe; and 
this last has on its axis a larger one which works the mandrel 
D, by a band of catgut. These latter wheels are fixed in a 
frame of cast-iron, movable on a joint ; and this frame has 
always a strong tendency to rise up, in consequence of the 
action of a heavy weight, the rope from which, after passing 
over a pulley, is fastened to the frame ; this weight not only 
operates to keep the mandrel-band tight, when applied to 
any of the grooves therein, but always makes the strap be- 
tween the two wheels on the ceiling fit. As it is necessary 
that the workman should be able to stop his lathe, without 
the men stopping who are turning the great wheel, there are 
two pulleys or rollers (on the axis of the wheel over the 
lathe) for the strap coming from the other wheel on the ceil- 
ing ; one of these pulleys, called tlie dead puller, is fixed to 
the axis and turns with it, and the other, which slips round it, 
is called the live pulley ; these pulleys are put close to each 
other, so that by slipping the strap upon the live pulley, it 
.will not turn the axis ; but .if it is slipped on the other, 
it will turn with it ; this ifi effected by a horizontal bar, wi^ 
two upright pins in it, between which the strap passes. This 
bar is moved in such a direction as Mdll throw the strap into 
the live pulley, by means of a strong bell-spring ; and in a 
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^ contrary direatioii it is moved by a cord fiuitened to which 
passes over a pulley^ and hangs down within reach of the 
worknvin’s bind ; \o this cord is fastened a weight heavy 
enough to counteract the bell-springe and hdng the strap 
upon the dead'pulley to turn the lathe | but sAeu .the weight 
is laid upon a little shelf^ prepared for the purpose, the spnog 
will act and stop it. 

Mr. Maudsluy has likewise some additional apparatus 'for 
cutting the teeth of wheels, in which Uie face of the mandrel 
D, tig. 325, has seventeen concentric circles upon it, each 
divided itito a diilerent number of equal parts, by small holes. 

Tlicre is a thin stop or, fig. 325, which moves round on a screw flked 
in the standard I' ; this stop is made of thin steel, and is so fixed, •that 
when it is turped up, and its point inserted into any of the divisions 
of the mandrel, it will have a sufficient spring to keep.^t there: the 
wheel to be cut is fastened, by means of a chuck, to the screw n, and after 
it has been turned, and brought to the proper shape, the rest, j, is to be 
taken away, and tlie slide-tool substitutea ; a squhVe bar is then put into 
the two holders b bf fig. 331 ; this bar has two branches for holding the ends 
of a spindle, near one end of which is a pulley, and at the other are four 
chisels fixed perpendiculaiiy into the spindle for cutting out the teeth^ (in- 
stead of tlie circular sgw commonly usea ;) the pulley is turned (with the inter- 
vention of several wlieets to augment the velocity) by the same great wheel 
as the lathe, with 7300 revolbtions per minute ; &e inandrel is then fixed by 
the stop .r, fig. 325, and the cutter advanced towards the wheel, by the 
screw c, fig. 331. When it has cut that tooth, the qutter is withdrawn, and 
the mandrel turned to aiiothor division, and a tooth is cut again as before. 
At that part of the frameof the cutting-spindle where the bar which is fixed 
in the holders of the slide-tool connects with the two branches, there is a 
joint, by which the cutting-spindle can be set in an inclining position for 
cutting oblique teeth, like those which are to work with an endless-screw. 
The great velocity with which this spindle turns soon generates by friction 
and resistance a degree of heat sufficient to expand it very sensibly ; but this 
ingenious mechanist, foreseeing such a circumstance, has judiciously com- 
pensated for it in his construction, by making the spindle so short as to 
play loosely in its sockets at die commencement of the motion ; but after a 
few seconds the expansion Is such as to cause the whole to fit together as it 
ought to do, and the work of cutting to proceed with accuracy and safety. 

Mr. Smarts of the Ordnance-wharf, Westminster, has 
made some very useful improvements in the art of turning, 
and particularly has struck out a simple method of turning 
.cylinders and cones in wood. 

His taming machine is illustrated in figs. 339 and 340, where the lega or 
stiles Itt the puppets A B, the cheeks o o, the pikes and screws M, N, B, 
witlithe handle P, are but slightly varied from the usual construction. 
Hound the mandrel E passes a band F F, which also encompasses a large 
wheel, not shown in the figure ; and when this large wheel is turned round 
' l^ith modeint^ swiftness, it communicates a rapid velocity to the mandrel B, 
and the long piece of vtoexi O, which is proposed to be made cylindrical* 
This piece is previously hewn into an octagonal form. The cutting fratne H 
contains a sharp iron tool, which is to answ er the purpose of the common 
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yoDd its inneijwrt, aftardMntannsrof a caipenter's plana-iroa for round or 
ograe work; In^ while the piece G U turning; twiftlj round by a mah 
working at the wheel, another man poshes the same H omtly oh 
from L towards S^. the Ipwn pmi of that fime (kting between the>d&ed» 
o 0 , and sliding all^.lMts«nen*4Mm^; By. tfaM.proow% the pieoe G is »• 
dn<^ to a oylmderf ssodetatelyspioo^; ai^d, in. order to render the smooth- 
ness as coaoplete unecd be, aseeond cutter, and its frame 1, adapted to a 
rather 4maller*^«4^ foimw, is pushed along in Uhe manner 

from L to M,' Xnis operation may be' performed' with sneh speed, dutt a 
te>y atedrate cylinder of six foot long, and four indtes diamimr, may ba 
fixed to die latp anditomed in much teas duen a minttte. 

Mt. SnUBf turat a cooioal end to one of tbeae cylinden with 
great by means of a cutting-blade fixed in an iron hol- 

low conical frame K, the smaller end of lyldcb adqiits tiie 

1 >ike from the screw S, fig. d4(^ tb which one end of the cy~ 
inder G is attached j as the cylinder turns rapidly round, the 
cutter K is conducted gently along it by means of the hollott 
frame, and soon gives the conidn shape to Ae end of the 
cylinder, as reqtum. * 

Some important directions for turning screws, ovals, cubes, 
rose-work, swath-work, &c. may be seen in Moxm's Mechqme 
Ejeeroutei see also, Tour pour faire sans Arbre toutes 
Sortea de Vis/' par M. Oraudjettu, in ** Mecueil des Machines 
€t JfivetUions approuvies par FAcad. Roy, des SciettceSf* 
tom. T. ; and Mr. Mealy's method of cutting screws in the 
commmi turning-lathe. 

Previously to miteting upon the several* branches of our 
manufactures, where machinery will be found in its most 
complex state, it may, perhaps, be considered not alto- 
gether irrelevant, if we take a cursory view of the maimer in 
-which we faave<eonducted the reader thus £sr. In the first 
place, we have taken up the subject by treating of the Me- 
chanical Powers, and the attributes of mattpr, as if be were 
totally unaequiunted with the science ; and having given him 
every necessarj' information with respect to the itmdamental 

f rinciples, have then proceeded to demonstrate the Moving 
'owers ; thus progressively leading him on to a perfect com- 
prehension of the invariable laws of mechanics, before we have 
ventured to introduce to his notice certain' simple machines 
aetiiig, either separately or conjointly, as accessors to our 
manufac tures. These we have now also portrayed, and so 
amply, that we feel satisfied he wi]I,uough totimy destitute 
of the science the commencement, be able fiilW to compre- 
hend and appreciate the several excellencies of the various 
combinations .yrhich will now be unfolded to him. 
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^oAKs for the qiariiifacture of iroiK owin^ to the gmt 
mxm necebbary to he expanded in thdr erpctidta^ till 

within these few years^ been ^confined to a very limited licale ; 
hut the .spirit of enterprise which has of late, and more 
especially since the French revolution^ manife^ed itself in 
nearly tlie whole of our manufactures^ conjoined to the im- 
mense capitals acquired by many individuals, and the difficulty 
of einpluying them to a better advantage, have given to j^e 
tnanufdcture of this highly valuable metal a more decisive 
dhariictcr* 

The ores fcpm which thf metal is extracted are, in this 
country, found, iu general, to consist of iron united with 
OX} gen and various proportions of earth]^ matter. 

The earthy matter in a state of combination with the iron may 
be divided into two classes ^ the one called argillaceous^ from 
abounding in excess of alumine, or clay ; the other calcareous^ 
from abounding in lime. The former is by far the most 
common ; indeed it is owing to the ore being so frequently 
met with in an argillaceous state, that iron-masters are so 
^ery inattentive <o Its quality, and that we sometimes see 
(hem use limestone. as a dux when the ore already abounds 
with calcareous ingmlieiits. 

\^Both lime and clay, when separately subjected to the usual 
heat of the. blast-furnace, are infusible \ bu^ on being mixed 
together in certain proportions, are too fusible even for the 
common purpo^ of brick.-making. An s^loy of two metals 
is also fusible at a temperature much less than the arith- 
metical mean of the metals themselves. 

. Such being the case, it is much to be regretted, that iron- 
masters, in general, are so very q^noraut of, and inattentive 
to, the fusibility of the different combinations of the iron ores, 
Mdiich causes them so frequently to be at^a loss what to add 
to the iurnace in order to produce the most fusible cinder. 
An analysisof the ore,^y which they might learn the relative 
proportions 6f its earihy constituents, and the ^uan^ity of 
limestone or^clay to be added as a flux, would, in the end, 
prove much to tiiek* advantage. 

Ill the usual process of smelting, the coke is s^lways a fixed 
t^fuaiitity, and the proportions of ore and limestone are 
^'ariccl according to the quantity of iron to be made, and the 
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nvcrking order of the furnace. In proportion to the quantity 
of lime and ore that i^ added to the standard quantity of the 
c^die^ the furnace is aaid to carry a greater or less burthen* 
8cme fiirtiacea|Ofm|So^ little b^rl^^ to produce more 

than 13 or 14 rons per dthm^ with the same 

^ 4^d furnace, will yield 60 and 70 tons In an equal time. 

jTb'e.];>uifth(^ ,' 9 ^ ttie la^r^i^^ntioned ftund^es is very great, the 
pre.to the .<^ke being, in sohie c^ses, as l^to 7* ^he quality 
o£ the ifon is uniformly inferior. \ 
z/tTbe burthen of the furriace wffl varv ftccording as the iron 
to bq .madie is required to .pbsseSS more or less carbon } for' 
instance, in making *No. 1, or the best iron^ itrhich coutidas 
greatest portion, of carbon, tiie burthen must be consider- 
ably {css than that required to make less caiburetted fron, or 
whatls called white- iron, or forge-pig. ' 

To afford a. general idea of the proportions of the materials, 
we sliVli state the quantities, given by Mr. Mushett, as used 
at a blast-furnace, making good melting^' iron> which is of an 
intermediate. quality between No. 1 and the forge-pig*. The 
We is argillaceous, containing on the average about 2/ per 
I'^nt. of iron ; the coal rather soft, but not very bituminous, 
^ ^lid qpntalns a large proportion df Carbonaceous matter ; and 
the limestone, which is that abounding in shells, from Critch, 
jin Derbyshire, is veiy good. It* works with a bright tuyere, 
and receives from the blast about 2,500 cubic feet in a 
minute, through a circular aperture of 2| inches in diameter. 

It is usual at this, and most other furnaces, to divide the 
men into two classes, one class to relieve the other every 
12 hours; these' periods are called shifts. The average 
[ charges of coke per shift are 60 (each 2^ cwt.) or about 
\ six tons. The quantity of calciiied ore 'for the manufacture 
of. good melting iron is upon a par with 4he coke ; and for 
forge-pig, or the least carburetted variety, six of coke to 
seven of ore. The limestone unburnt, under the same 
circumstances, is to coke as 4 to 1 1 ; and for melting 
metal, retains a similar ratio. With the abpve charge per 
■ day, that is, for twelve hours, this furnace makes on the 
/averajge about 40 tons meriting iron per week. 

' After the ore is dug, it is drawn from the pit by the poWCT 
, of steam-engines ; it is then, in order to extract the arsenic 
and sulphur, Subjected to a process called roasting* This 
; process consists in laying the ironstone in strata with refuse 
'jpitTCod, called ni Staffordshire and setting fire to it on 
the" windward dcife. Burning it in lai^ heaps in the open air. 

When the ore has been roasted, it is taken to the smelting 
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or b|Ait ^ Ipwoir F«rt of wbii^ )pf^ j^tber^ 

. diorcoal ocooluij ,^e coke is aiw^p.it $^e^qi;^diyy.,gpd 
the propoxtioQ of-. liiiu)stoitt ^tliie'o]^ v w^rp&eto' 
Ae^omtiky <d betMi(%eoe<^ miU;ter,:.ii^’ yr^ci^ ^mefS is ' 
cemlaneilt ■- . . 

A sscttBfifof the Uue>ihraBGA K Tepresesftedhtifei 340. ^ et tl^ t«p. 
of AeAteiwe^ ii ea o^iiig ler the introduet^ of thentaterii^; jS.ihe 
body of the fiimace ; C, t&e ptuse where the uast is introdaeed ; aaa Tt, 
a cviity to receive the metal wheit released from the earthy rhatter. 

The inateriala ia the fiiniace ar^ previously to the intro- 
duction of the bhtsty heated simply by the draught of the 
atmosphere $ the eoke and limestone to a.bright red or white 
heat, and the ton-ore to n mating heat. 

WfaM the Idaet isurntrodnced, ^ metal iminediately above 
it is brought into a state of hision, and penetrates through 
the fuel into the cavity D. The ore and.&el that were above 
it sinkdown to fill up the space left by the ore melted and 
the fiiel consumed. This next comes under the operation of 
tiie bla^ and is smularly reduced. 

The men who attend the furnace keep adding fuel, and 
limestone, through the opening A, at the top, and the 
operation of smelting goes on, un^ the melted iron, in the 
cavity D, rises nearly to a level with the tuyere-irons, or 
Mast-pipes. 

' The melted iron is then tapped, by driving a round-pointed 
bar into a sort of loam, with which the bole is stopped, and 
run Into moulds made in sand ; in tliis state it is called pig 
or cast-iron. 

When the slag, in smelting, has a greenish-grey appear- 
ance, if is a certain sign .that t^e furnace is in excellent 
order ; and when the colour changes to black, it deno|es that 
' sctuething is going wrong. 

In making tiie best iron, , called No. 1, whidi possesses the 
greatest quantity of carbon, it frequently happens that a 
portion of the iron will unite with a great excess of c^hpn ; 
and as this eari>uret is too fusible than the iron, it will, pre- 
viomly to the ton entering into the pig-moulds, seen 
floating at the top in the form of sc^es. The appearance of 
this iubstanee, called by the workmen kUA^ is a sign tjiat the 
Ifomaee is tinoricing.the. best sort of iroa j indeed, it js so 
eommoB «n sMsntmit on the ptoduclimi of the most Highly 
chrbwtiMd ton, that the workmen have i^lied the term 
toriiatpeoaliaraart.of ton. 

' The limestnue and the eairths bring much lighter, than the 
metal, float i^on its surftu;e»‘and gradMUy riping as tl^ metal 
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dbtl^riBti^^^'^clDtf^tf ' ttie ItttAF f.' T'is' Milled the.liw^ 

eltidet^ tisea ; i ie the fyn^hplatef to pre the ettmegmiter 
dh e, w)d(fti<1«‘cdiiea the dbfi^^ doee the d»i|i> 
stoite. The cioder. If ndt taken to mfeM -the loadsy' ie thrown 
a^y 'ae nseUn. • , 

Sometiipes two blasts ara iattodocad,' as may be saia ia fig. 347. Hist 
Mast, aibd that fuoUiM,''ariiBdt osa ladaaa tha-gtedkat ^asiady til IM ia a 
eertain tiiae, will ahra.;^ pNddca tha gtaatast qhrotilg w inmi ; 

/ Tbi6 blast coneei^led into the iiitnaoe is itoA 1,000 to 4/XX> 
feet per minute ; and it is worthy of remark, that the ipiaotity 
Of inetal fdsed does not wee wtth tiM ratio of. biW { fiat 
ifistanee, a’bktst df. 1,500 feet’per miuate will manufurtore 
20 tons of tnidting iron per wew ; n-blast of 3fi00 only 30 
t0nlf,‘a^ a blailt of 6,000, which is double the last, and four 
titoi'eB'the hinoOnt of the first Mast, ob1|^ 36| tons per week ; 
and afain, a blast of 2^ lbs per square inch will mani^acture 
lll^di^ to 2ft tons per week ; while two pipes, of the same 
diameter as the last, wkh a blast, of 31bs< per square inch, 
wai taevter exceed SO.tonA. ^ . , 

In the summer months, owing to the increased temperature 
W the atmosphere, tlie furnaces- yield little better than one 
'haGf the Quantity tW they do in-winter, and the inm is- of 
an inferior quality. In scone maAu&ctories, by adding- a 
greater quantity <n fuel, the quality of the iron is preserred } 
but in others no addition of fuel will compensate for the 
deficiency cither in quality or quantity. 

In presenting the section of -h bla8t-furnace> repi!e8Mi||d in 
fig. 846, wedo not pretend to recommend it as the besfrorm 
of construction. . Different iron-masters hare rarioualy con* 
atructed their furnaces, and as each of them can b^t of 
beihg in some degree .'eodceasfiil, it were needless to gire a 
description of uiy particular one ; we shall therefore briefly 
nseutlon, riiat of whatever inateriah the buildings be made, 
Mfre shoiild be taken that they contain no more moiatore than 
la ababhitely necessary for their proper oohatruction. 

In' the erection of the wall, a space of about six indies 
sbotild be ii^ frina the bottom to the top ; in this iqierture 
SlMdi ftagtoefits of sand^stofie, not exceeding the size of an 
^gg, may be-ihtroduCed, go tbiat when the mepansion, pro- 
ceeding from the fire-bnilding Of the interior, canses the 
Wei^ inimeAateiy in ceftitact to^push outwards, the masses 
‘bf 'tend-Stone me diflrtSntly reduced in size, and .filiiiig the 
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interstice! occpidoned l^vt&dr forater |mgalar.dwp«» occomr 
much Ie^‘ >pipe^ ai^d preseut ta ^ .fluitae or' Bwy 'shMM v 
be inclined ‘to penetrete W far. a solid* Tct’mcal'athlibte ^ 
sand/ sAfr havmg ^^cured 'tfad expa^dtf of 'tlu^ 'piAcAlii^ l!o 
tte .ms^nt of some WUee. '/be dif ihto priwdftid ivo 

tlus diverted hnun the shell of the and loM i|h this 

pv^rerization of the sand-st^. ‘ ' ' '*'* * 

^e advantages resulting" aotd' this’ plhn mdy he neatlv 
doubled, by using a double lining of fijrp-bricks, between ea(m 
of which and the common building a similar vacancy should be 
left, but filled with 'sharp sand, containing no more moisture 
than serves In 'compact it in a firm body ; as this moisture 
becomes gradually expelled in the slow heating or annealing 
of the furnace, the sand occupies less bulk, or, which is the 
same in effect, is then susceptible of a greater d^^C of com* 
pression when the gradual expansion of the furnace ^omes 
on. It is evident that the force is here also diverted against 
the sand, in place of acting immediately with a tendency tp 
enlarge the circumference of the building. 

Over and above these precautions, the annealing or drying 
of the furnace in a progressive and regular manner ought to 
be carefully attended to, and continued for two or three 
mouths at least. 

Many methods have been adopted to obtain a regular and 
uniform blast. The first that we shall notice, and wh|^ Is 
in pretty general use, is, by discharging the air from the 
blowing-cylinder into an intermediate cylmdef of larger dia* 
meter, called the regulator ; in this vessel is a loose |Hston, 
which is forced up by the air from the blowing-cylinder, and 
beifl|r weighted, it descends during the returning stroke,* and 
continues to press the air into the furnace, by which means 
a more steady and Un^rm blast u kept up than would be 
effected by the first cylinder alone. ' , 

As this method of regulating the blast has been foux^ to 
be far from perfect, other means have been resorted to w^ 
a view of obtaining the desired end. The one called the 
water-regulator consists of a large cisteni, in which anotter 
of less area and capacity is inverted. Through the bottom 
of the smaller cylinder, which is, from its being inverted, 
uppermost, a pipe eommumcates witii the blosringtcylinder. 
Inis iiiner dstem is filled with water, as is* alse the soace 
between thd inner and outer cistern to the same level. ' 
supposing the air to be forced from the blowing-cylmder 
through the above-mentioned pipe into the inner cistern, t^ 
water, being displaced by the air, will descend in the inner 
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sates nearly a aniiorm blastji va^hg 6^1y witnihe oi^ter 

^lumn.of wftter^ wl^ich wUl be lesii as outer liurface of tlis 
tvBter is ‘g^atejr* V' 

This cbn^yaoc^, though some tindfe Oonis^ered Sh 
important disit^^^e^^ has, in many instances, been abaudoiied, 
ouing to its carryihig water, both in a state of sprays produced 
by tlm agitation, and in a state of vapour, into tne furn^e; 
by which both the quality and quantity of the ihin was 
matenally affected. 

Anpth^r mode has been • ^empted to eoualize the blast, 
c^led;the air-vault. The fimt experiment or this nature was 
tried at , the Clyde iron^works, by excavating a large cavity 
in a rock, into which ' the air was forced by the blo^hg 
nu^hine ; but the trial was unattended by success, partly from 
the vault not being' air-tight, and partly from the moisture 
which e:auded from the rock mixing wilh the air. 

A more successful experimient was made at the Calrron 
iron-works. An air-vault of wrou^t-iron plate has h^en 
employed in one of the furnaces at Bradl^, In StaffordsUre, 
which ^pears to answer very well. Its form is a cylinder 
about 10 or 12 feet diameter, and 50 or OO feet long. 

> According to an average deduced from a series of experiiaents made by 
*Mr David Mushett,* it appears, that when the outer air was from 63^ to 68 , 
the air immediately after its escape from the blowing cylinder into a 
receiving, vessel, was increased from 63^ to 90V sibd from ^^<10*99}^. In 
V ah average of thirty ei|>eriments the air 4a the act of condensing was raised 
.30^. TUh would have the .efiect of jncreasiag its volume:not less than ^ 

< of the whole, and the increased pr,e8fure of the blast by this cauw alone, 
would be nearly half a pound upon w inch.' Or, in pther words, if the 
air were introduced into the furnace at 60% the same quantity would be 
admitted with half a pound less pressure upon an in(^,than if it were 
90^ . Hence any means of sooling the .air after its condensation, in all 
snsoDs of the year, must be atten ded with beneficid consequence. If the 
aiiwvault were made of wrough^ron, and its suiftice constantly wept wet, 
the evaporation ftom so'great a surfece, if freely exposed on all side to the 
air, womd cool the mr very cdnsidembly. Indeed, without the aid of Uie 
moisture, tbe.eflfect would be such af to recommend its adoption. It was 
suppoeea, that in the sumnier'Seefpn there would .be some advantage m 
— ^ng.thp mr undef grpund mr.a epnsiderable distance before it iratpred 
j^Iywingmacliine; but the rm^&nce arising ftom die friction bn the 
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lidM of it naitt pallia (mhii »!• 

ebstocte. tlMtttmtalM'tt' 

11*6 p^inta liM Ute coiallert j^ition «f cfolKMip 
tbe best adaf^ for amvenkm into toalieaUc ipon t and on 
a proof tbat tlw pie-inm baa oidyloloio ito euboli fo fieooine 
Mweablej we ahaifatate tiie Act, tliafJiMhaTe <|oiiDt^, 
afc tMa peeaent time, many manli&atoiiiaB o]^ a lycgo scale, 
for tile express purpose of converting aitidea made of custr 
iron, sodi aa nails, cutier^, &c. into mn perfectly malleable, 
witiunit altering in the slightest d^proe the figure given to 
them in the casting. , We have even seen nails made in thia 
wa^ weliW together, and when cold bent at right angles in 
a vice. 

/ The method of releasing the pig>iron of its carbon, or of 
converting it into what is called vfrottght or malleable iron 
k, by piecing it in an open fiimace, termed a refinery^ and 
by some a run’-out fwmiioet heated hy cokes, and subjecti^ 
to the operation of a verjr powerfol blast. The pig-iron is 
bid upon the cokes, and is soon melted, leaving much of its 
imparity behind. Tina b termed refining it. The metal 
when melted is nm Into pbtes, abot't four inches thick, and 
aa soon aa it becomes set, b thrown into water, which makes 
it more frangible, and easier to be broken. *' 

The refiaSiig' fiirsece h lepreseuted in figs. 348 and 349. A u a recess, 
or trough, mme of cast metal, having a bottom of fireotone or bnck. 
Thu recess u surrounded on three sides by a cavity, through ishich vrater 
is constantly passing from the cistern C ; p p aie two pipes connected 
with the Uowmg maclune, and entering mto comcai openings m the 
refining fimiace. These pipes are kept cool by water from the pipe «, 
viMeh rant off at the pipe bee. B u a shallow recess, about four indiet 
deep, to receive Ae melted mast. 

When the cake of metal b broken into lumps of a con- 
venient size, it is taken to the puddling fijimacey where it is 
heated with coab, without the md of an artificial blast. ^ 
$oon aa the metal becomes heated, and begins to melt, 
or 'ha* a frosty appearance, the fornaceman throws in a 
atfodl quantity of water tfi keep if at a proper temperature, 
and hiim atimog and moving it diont, so that the carbon 
mikto ito escape. The water that b thrown in to preserve 
1|ie temnefeiitore also assUts in some d^free ^ decaihoniza- 
tion- ine quahty id iron depends much upon the attention 
tiwt b ftHl to b ourina tbb process. 

Wkm fibo bMs b d^ rivto oi the carbon, cw foribb pm- 
pm^ it befine posaeased, the fiimacemaa rolls it up into 
mlfoofoiielnlldWJfhrseqaartamof a Gwt. eari). ftisthen 
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brottf^t out of tlie futimoe and pbuod under a tOb-baiivaier. 
or passed through the rolls, or rollm, which cnn«nH i<i^fy| 
and forces out more of the inmne psits. A 
lo»s in t^igbt is bustiuned in this process, not only from the 
iron losing its im|>orities, but also foem the surtace «f the 
^loom or bar oxydudng and lalUng off in scales whilst being 
< worked. The loss twch is tiius sustained in weight w 
generally estimated at one-sixth or one-seventh of the whole. 

A section and elevation of the puddling ftirnace » represented in fig 350. 

A is the door for the admission or metal, having a small squaie hole for 
the introduction of the rake and other tools us^ by the fiimaceman B is 
the chimney , C the ash-pit , and D the grate. At £ is a circular cavity, 
where the pr^ared metal is laid, and the flame passes over it up the 
chimney B The heat of the furnace is so intense that without having the 
door for a guard, and the small hole A for introduction of the cnple- 4 1 
ments,. the funiaceman could not approach It , nor indeed can be as it is ^ 
without sufienng great incon\emeDce Tlie hole is also of use for him to 
look into the furnace to observe how the work » going on* At hrst the 
light is too intense to be borne, but by practice the eye at length becomes 
accustomed to it, and is able perfectly to distinguish the different masses as 
they lay in the furnace 

The iron having undergone this process is taken to the 
shears and cut into lengths of aAout one or two feet, and in 
order to impart closeness and solidit^^is piled into pieces of 
seven or eight together, and heated in another furnace, very 
similar to the one just described* There is no occasion this 
time to remove them about, for the iron having lost its 
caibon is infusible* When it is of a sufficient heat, which 
the furnaceman from practice can easily tell by his eye^^ it is 
again brought to either the hammer or the rollers, and is 
worked into a bar. This is called No* 2 iron* Again, further 
to improve the quality, it is cut up, piled, and worked over 
again; and is then called No. 3, or best iron. The more the 
iron is worked the purer it becomes, and the grain becomes 
more closdy united ; but of course it becomes more expensive* 

Two kinds of hammer, moved by machinery, are used in iron-works. 
The one called the forge-shammer is represent^ m fig 353 The first 
mover gives motion to the shaft A A, by means of a cog-wheel acting upon 
the pinion B. The shaft is regulated by a fly-wheel C, and has at the 
further end a number of cogs, which by passing under the shaft, or helve, D, 
lift the hammer £• F is a strong horizontal beam, inserted in the post G, 
and loaded with heavy pieces of metal, at H, to prevent it receiving motion 
from the hammer. Another large beam of wood, made of either oak, or 
ash, but meat frequently the wter, is inserted in the posts IK* The 
hammer in its asc^it stnkes against this beam, called the rabbit, which 
^ Its d^tjcity reacts upon the hammer, and causes it to descend with 
greater velocity than would be produced by gravity alone. 

The construction of a Hlt^kaminet dsftm from tbit of tho 
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forge, hf iNting p(^i^ os aicentre of motion, about the middle, 
or two^thirdb of tlie length of the helve from the head, and 
friMa receiving its motion from cogs acting upon the tail of 
the helve. In sotne few eases the ash spring is pieced over 
the tead of the hammer similarly to that above described ; 
hQ^ in general, the tidl of the helve is made to strike against 
8 iued Boor, and the hammer from the-force it has received* 
omtiBuing to rise alter the tidl strikes the floor, the halve 
bendi, and bv its elasricity causes the hammer to descend 
with greater force npon the anvil. 

The tilt^ammer ii represented in fig. 354. It is taken from a tilt-mill 
made at the Carren iron-*woiks in Scotland, after designs of the celebrated 
Mr. Smeaton. It is adapted for forging iron into bars. The description 
IS extracted from Dr. Rees*s Cyctopadia. 

Having described the manner in whioli the tilt-hammer is connected 
with the first-mover, (drawings of which may be seen in the wockO the 
author proceeds to explain the figure above referred to ; a the iron head of 
the hammer, f its centre of motion^ and d the tail or extreme end, upon 
which the cogs of the wheel act, and which is plated with iron on the upper 
side, to prevent it from wearing. 

P is the anvil-block, which must be placed on a very firm foundation, to 
resist the incessant shocks to which it is subjected: the centre,/, or axis 
of the hammer, is supported in a cast-iron frame gh^ called the hirst. 
When the cogs of the wheel strike the tail of the hammer suddenly down, 
and raise the head, the lo^er side of the tail of the hammer strikes upon a 
support n, which acts to stop the ascent of the head of the hammer e, when 
it arrives at the desired heignt; but as the hammer is thrown up with a 
considerable velocity as well as force, the effort of the head to continue its 
motion, after the tail strikes the stop iit acts to bend the helve L of the 
hammer, and the elasticity of the hctvw recoils the hammer down upon the 
anvil "Vith a redoubled force and velocity to that which it would acquire 
from the action of gravity alone. 

To obtain this action of recoil, the hirst g h most be held down as firmly 
as possible ; and for this purpose, four strong iron bolts are carried down 
from the four angles of the bottom plate A, and made fast to the solid basis 
of stone R R, upon which the whole rests ; upon this basis are placed four 
liters of timber, ikim, which are Imd one upon another, and the timbers 
of each layer are laid cross-ways over the others. Each layer consists of 
several pieces laid side by side, and they are slightly treenailed together, to 
fonn a platform. Each jdatform is rather less than that upon which it rests, 
so as to form a pillar of solid timber; on the top of which the hirst-frame, 
is idaced, and firmly held down by the four bolts, which descend through 
all the {datforms, and have secure fastenings in the solid masonry beneath. 

T1|ie stop n is aipported hy a similar pillar, but smaller, and composed of 
^three layers : thr upper piece n, whicn is seen cross-ways, is about three 
'^feet lon^ and the under side is hollowed, so that the piece bears only upon 
the two ends, leaving 'a vacancy beneath it, which- occasions it to bend or 
ipripg eyeiy me the j[ail d of the hammer strikes upon it, and this aids the 
ieeoiun| actioii very mubh. 

*A«^*sexu ba which the hammer moves is foraied by a ring of cast-iron, 
thvdfm Wjikh die hd|ve"''of the hammer is put,' and held fost by wedging 
^ riii| has a piic|{ecting trunniQfo on each side, eimft^ in an 
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obtusft conical point, which is received in a socket firmly fixed in the hirst- 
frame^ A, by screws and wedges, one of which is seen at r. These two 
sockets are thus capable of adjustment, so as to make the hammer face fall 
fiat upon die anvil. 

In the, Canon iron-works, three Jmnimers are worked from tlie same 
shaft. In such case it is necessary to have the three wheels that com- 
municate motion to their respective hammers of different sizes and numbers 
of cogs to produce that velocity in each hammer which is best adapted. for 
the work it is to perform ; thus the wheel for the hammer, which is repre- 
sented in fig. 352, has eight cogs, and therefore produces eight blows of the 
hammer for each revolution of the fiy-wheel; the wheel for the middle 
hammer has 12 cogs; and the wheel for the smaller hammer 16; the 
latter will therefore make two strokes for evcir one of the great hammers. 
In fixing the three wheels upon the great shaft, care is taken that they 
shall produce the blows of the different hammers in regular succession, 
and equalize as much as possible the force which the water-wheel must 
exert. The wheels are fixed on the shaft by means of a wedging of hard 
yfoody driven in all round ; the wood being capable of yielding a little to 
the shocks occasioned by tlie cogs meeting the tails of the hammers, 
renders the concussions less violent. 

The following are the principal dimensions : 

Tlie head of the great hammer weighs 3A cwt. and it is intended to make 
150 blows per minute ; it is lifted 17 inches from the anvil at every blow. 

The middle hammer is 2 cwt. and makes 225 blows per minute ; it is* 
lifted 14 inches each time. 

The small hammer weighs 1^ cwt. and makes 300 blows per minute ; it 
is lifted only 12 inches. 

To produce these velocities, the great axis upon which the cog-wheels 
are fixed must make 18| turns per minute; and the pinion up^ this axis 
being in proportion with the cog-wheel upon the shaft of the water-wheel 
as 1 is to 3, the water-wheel must make 6^ revolutions per minute ; the 
water-wheel being 18 feet diameter,4ts circumference will be 18 x 3 . 1416 

56 . 54,. or 56§ feet; this multiplied by 6*25 is about 353 feet motion 
per minute, or divided by 60 » 5*9 feet motion per second for the circum- 
mrence of the water-whed. 

The tilt-mills employed in the manufacture of steely do 
not have the *great hammer^ but the largest they use is about 
the size of the middle one^ and is adapted for welding faggots 
of steel to make sheer steel : the other two hammers are 
about the size of the smallest just described, and are made 
to work much quicker, viz. from 350 to 400 blows per 
minute. This is very easily accomplished by making the 
pinion upon the fly-wheel shaft in proportion to the cog- 
wheel that acts upon it, and is fixed to the water-wheel, as 
1 is to 4. ^ 

This highly valuable metal, having undergone these pro- 
cesses, is now Sold, and is used by smiths for an innumerable 
variety of purposes. Indeed, when we reflect upon the many 
thousands of men, women, and children, who are' daily em- 
ployed in the manufiicture and working of this metal; when 
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we consider the immense number of families of miners^ 
melters^ refiners^ smiths^ and other handicraftsmen, who, in 
all the civilized parts of the world, look up to this particular 
branch of manufacture for their maintenance and support ; 
when wc consider, that the once obscure and inconsiderable 
village of Merthyr Tydvil, though wild, barren, and sterile, 
and too poor to produce even the common necessaries of life, 
has been peopled in the teeth of every obstacle, and, within 
the space of seventy years, has, through the manufacture of 
this metal, become by far the largest and most populous 
town in Wales ; we cannot but rejoice that this metal is one 
of the staple manufactures of Great Britain. 

When this metal has become too much worn to answer 
longer the purpose for which the smith designed it, it is sold 
to the ^ defers in marine stores,^ who assort it into three 
parcels ; one» called coach-tyre^ consisting of the old tyre of 
coach and other wheels ; another bushel iron^ being remnants 
of old hoops, and different pieces of iron of similar nature ; 
and another scrap or nut-iron^ consisting of old nails, screws, 
nuts, and pieces of that description. 

These are sold to the manufacturer to be remanufactured. 
The process of remamifacluring is as follows : 

Two pieces of iron, each forming three sides of a square, 
are fixed to a wooden bench, about 10 or 12 inches apart. 
In the sphcc between these two pieces are placed two rods of 
iron, about three-eighths of an inch square, one rod being 
placed close to each of the pieces. On these rods are laid 
pieces of old hoop, previously straightened, and cut to the 
proper lengths of 12 or 14 inches, according to the intended 
length of the faggot. The ends of the hoop rest npon the 
bottom of each of the pieces of iron first described, and similar 
pieces of hoop are ranged upon each side, whilb the interior 
is filled with bushel or sers^ iron. The top is then covered 
with hoop, and the whole pressed tightly down, and bound, 
by bringing the ends of the three-eighths rod together, and 
screwing them round. This is termed a faggot, being about ' 
12 or 14 inches long, and six inches square. 

The faggot is then carried to a furnace not much unlike 
the puddling furnace, and when sufficiently heated is brought 
out, an^ passed through the rollers, and made into what are 
called blooms. These blooms are generally about two feet 
long, by three or four inches wide, and two tMckw 

The blooms are again exposed to the heat in the furnace, 
and when at a proper temperature are taken out and passed 
through the rollers, either those represented in %. dr 
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those in fig. 352, accordingly aS they are to l)e made into 
hoops, or bars. The hoop-rollers are represented in fig. 351 ; 
the bar-rollers in fig. 352. 


Tables of the average toeight of bars, squares, and bolts, 
10 feet in length. 
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SQUARES. 

BOLTS. 

Inches. 

C. qr. lb. 

Inches. 

C. qr. Ih. 

3 

2 3 0 

3 

2 0 18 

n 

2 2 3 


1 3 22 


2 18 


13 6 


2 0 11 

2i 

1 2 17 

*+ 

1 3 18 

21- 

] 1 23 

«T 

1 2 24 

• 24 

1 1 11 


12 5 

2+ 

1 0 24 


1 1 14 

24 

10 9 

s 

1 0 25 

2 

— 3 24 

H 

10 8 

H 

— 39 

n 

— 3 21 

14 

— 2 26 

u 

— 32 

li 

— 2 16 

u 

— 2 21 

1+ 

— 23 

u 

— 2 11 

14 

1 24 

u 

— 1 25 

14 

— 1 14 

u 

— 1 15 

14 • 

— 1 5 

1 

— 1 6 

1 

— 0 27 

i 

— 0 26 

4 

— 0 20 

4 

— 0 19 

4 

— 0 15 

4 

— 0 13 

S 

▼ 

— 0 10 

4 

— 0 8 

4 

— 0 17 


STEEL MANUFACTURE. 

When iron has lost all its carbon^. and has become malle- 
able, it can be reimpregnated with carbon, to a certain extent, 
without materially injuring its malleable properties. 

The compound of iron and carbon thus produced is called 
steel. ^ 

N To reimpregnate the iron with carbon, it must be put into 
a close vessel, called a cementing pot^ and stratified with 
powdered charcoal. 

The pots are made with a peculiar kind of stone, termed 
fire^etone^ which is found abundantly in the neighbourhood 
of Sheffield. It possesses the properties of not being liable 
to crack by the heat, or of entering into fusion. These pots 
in the interior dimensions are from 10 to 15 feet long, and 
from 24 to 30 inches square. Each bar of iron is com- 
plete!]^ covered with powdered charcoal, and the last stratum 
of it is usually made much thicker than the rest, and kept 
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close with a mixture of sand and clay; to prevent the charcoal 
from entering into combustion with the outer air. Two of 
these pots only are contained in a fornace at a time^ and fire is 
gradually employed till the heat is little short of what would 
be required to fuse the steel. 

A vertical section, and horizontal plan, of Che converting furnace is 
showh in figs. 355 and 356. In both figures the same^ letters denote the 
sarneparts. 

C 'C is the external cone, built in a substantial manner of stone or brick- 
work. Its height from the ground to its vertex, in order to procure a good 
draught of air, should not be less than 40 or 50 feet; and to procure a still 
stronger heat a cylindric chimney of several feet in length is most generally 
fixed on the top. of the cone. The lower part of the cone, which may be 
made of any dimensions, is built either square or octangular. The sides 
are earned up until thl^ meet the cone^ giving the furnace the appearance 
of a cone cut to a square or octangular prism at its base, and exhibiting 
the parabola where every side intersects the cone. 

Inside the conical building is a smaller furnace, called the vault, built of 
fire-brick, or stone, which will withstand the action of the most intense 
heat. DD, in the section, is the dome of the vault, and ££ are its 
upright sides, the space between which, and the wall of the external build- 
ing, is filled with sand and rubbish. A B present the two pots that 
contain the iron to be converted into steel. The space between them is 
about one foot in width, and the fire-grate is directly beneath it. The 
pots are supported by a number of detached courses of fire-brick, as 
shown at e e, in fig. 355, which leave spaces between them, called flues, to 
conduct the flame under the pots ; in the same manner, the sides of the pots 
are supported from the vertical walU of the vault, and from each other, by 
a few detached stones, represented hyf, placed so that they m^ hitercepC 
as little as possible of the heat from the contents of the pots. Tne adjacent 
sides of the pot are supported from one another by small piers of stone- 
work, which are also permrated to give passage to the flame. The bottoms 
of the pots are built of a double course of brick-work, about six inches thick ; 
the siaes nearest together are built of a single course of stone, about five 
inches in thickness ; and the other parts of the pot are single courses about 
three inches, the sides not requiring so much strength, b^ause they have 
less heat and pressure to resist 

The vault has ten flues, or short chimneys, FF, rising from it, two on 
each side, to carry off the smoke inlo the great cone, shown in fig. 356, 
communicating with each side, and two at each end. In the front of the 
furnace an aperture is made through the external building, and another 
corresponding in the wall of the vault; these openings form the door, at 
which a man enters the vault to put in or take out the iron ; but when the 
furnace is lighted, these doors are closed by fire-bricks luted with fire-clay. 
£ach pot has also small openings in its end, through vriiich the ends of two 
or three of the bgni are left projecting in such a m^ner, that by only 
removing one loose brick from the external building, the bars can be drawn 
out without disturbing the process, io examine the progress of the conver- 
sion from time to time; these are called the tap-holes; they should be 
placed in the centre of tl^ pots, that a fiiir and equable Judgment may be 
formed from their result of tlie rest of its contents. 

a b, in the elevation, is the fire-grate, formed of bars laid over the asl^ 
pit I, which must have a free communication with the open air, that it 
may convoy a current of fresh air to supply the combustion. The ash-pit 
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should also have steps down to it, that the attendant to the furnace nav 
get down to examine by the light, whether the fire upoh the whole length 
of the grate be equally fierce ; and if any part appear dull, he uses a long 
iron hook to thrust up between the bars, and open a pass^e for the air. 
Tlie fire-place is open at both ends, and has no doors. Ihe fire-grate is 
laid nearly on a level with the floor of the warehouse, before the furnace, 
and the fireman always keeps a heap of coalspiled up before the apertures 
at its ends, so as to close the opening. This forms a very simple *and 
efiective door; aiid when the furnace requires a fresh supply of fuel, a 
portion of the heap of coals is shoved in by a sort of hoe, and the heap 
renewed, to stop any air from entering into the furnace, except that whicn 
has passed upwards through the ignited fuel, and by that means contributed 
to the combustion. 

The fire-stones composing all those parts of the furnace 
which are exposed to the action of the heat^ are first hewn 
nearly to size, and finished by grinding two surfaces together, 
so that they make very perfect and close joints ; when laid 
together, they are cemented with well-tempered fire-clay, 
mixed up thin with water. The fire-clay which answers 
best for this purpose, is that brought from Stourbridge, in 
Staffordshire, and is the same of which the celebrated Stour- 
bridge crucibles are composed; but very good fire-clay for 
the purpose is procured from Birkin-lane, near Chesterfield. 
When the furnace has been once burnt, this clay becomes 
equally hard with the stone, and is less liable to fly or vitrify 
in an intense heat than any other known cement. 

The flame arising from the ignited fuel upon the grate 
passes upwards between the pots, and strikes the dome of 
the vault, from whence it is reverberated down upon the 
pots, and ultimately escapes through the flues or chimneys 
of the vault. By this means every part of the pot is exposed 
to the same degree of heat, which is of great importance. 

Ill order to ascertain when the cementation is perfect, one 
or two of the bars, having th^ir ends, as before described, 
projecting from the pots, are taken out of the furnace, and 
examined. 

The blisters upon the -surface of the steel, caused by the 
carbonic oxyd,* is, in general, adopted as a criterion to 
judge if the metal be sufficiently converted ; but this is found 
frequently to be fallacious, anil well it may, for the size of 
the blisters depend more upon the degree of heat to which 
the bar has been exposed, than to any other cause. 

The time iiHually required for the conversion of iron into 
steel is about seven days and nights ; and a similar number 

• Carbonic oxyc] is the union of the two pascs which arise from the small 
portions of carbon and oxyd of iron, of which the iron was possessed, and 
which is dissipated by the heat of the furnace during this long process. 
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of days and nights is allowed for the gradual cooling of the 
furnace* 

The steel when taken from the converting furnace is found 
on its surfoce to be covered with blisters; and on being 
I broken is found to be full of cavities within^ for this reason 
it is called blitiered steel. 

I To make it sound and tenacious, it is put into a furnace, 
and moderately heated, and is then exposed to the action of 
^ the tilt-hammer, which we have alreaoy described. This is 
■ c^ed sheer^steeL 

The steel is made of different degrees of hardness, by 
giving it more or less carbon, according to the different 
degrees and duration of the heat applied. 

The steel used in the manufacture of coach-springs contain 
the smallest portion of carbon ; a somewhat greater quantity 
is used in the different branches of cutlery, and in the make 
of agricultural implements; and the greatest dose of all is 
required for files, which cannot be too hard, provided the 
steel be sufficiently malleable to be worked. 

\ Cast-steely which is entirely free from the defects of 
blistered steel, and is, in some degree, preferable to sheer- 
steel, is made, by placing small portions of the bars of 
blistered steel into a crucible, capable of containing about 
30 pounds weight. 

These crucibles are made of Stourbridge clay, mixed with 
a small portion of powdered charcoal, whicli makes them 
much less liable to crack in the heating or cooling. They 
are furnished with covers, which are more fusible than the 
body of the vessel, and, on that account, soon enter into a 
^ state of partial vitrification ; by which means they become 
closely luted at the time the steel is at a temperature suffi- 
ciently high to be destroyed by the oxygen of the atmosphere. 

The fuel employed for melting steel should consist of the 
hardest cokes, which will give a great heat for a longer con- 
tinuance than the soft cokes. 

When tlie metal is'fused it is taken from the furnace, and 
. poured into iron-moulds, which form it into ingots of an 
octagonal shape, about 30 inches long. 

These ingots, like the bars of blistered and sheer steel, 
are again heated, and drawm into bars by the operation of 
the tilt-mill. By Aicaiis of this machinery the ingots of cast- 
steel can be drawn into bars one-third of an inch square; 
and by the hands it can be drawn into rods of a much smaller 
size. 

T'he iiuiiiiifacture of steel has been greatly improved within 
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a short period, and it can now be fused with so small a por- 
tion of carbon, as will admit of its being welded either with 
\iron or another piece of steel. 

The most singular property belonging to steel is that of its 
hardening by being heated red-hot, and suddenly cooled: 

, and the hotter the steel be made,, and the Solder the fluid 
\ into which it is plunged, the harder will be the steel. Water 
Ms generally employed for this purpose; and spring water is 
considered td be the best. File-makers state, that the salt 
which is inevitable in their hardening water, makes the steel 
harder, and they sometimes put sulphuric acid into it for the 
same purpose. 

In hardening steel in thin plates, such as saws, particularly 
when of cast-steel, quenching in water would cause them to 
crack, and make them so hard as not to be useful. They 
have, in consequence, recourse to some substance which is 
not so good a conductor of heat. OD, with tallow and bees' 
wax, and resin dissolved in it, is generalljr employed for these 
articles. If the steel be heated red-hot, it mostly returns to 
its original state. This, however, is sometimes not the case 
with thin plates of cast-steel. In giving various degrees of 
heat from the hard state, it becomes more soft and less elastic. 

In the year 1789, Mr. David Hartley took out a patent for 
a method of tempering steel by the aid of a pyrometer, or 
thermometer, applied near to surface of the article, and 
at the same time recommended the use of heated oil, in 
which (he says) many dozens of razors or other tools might 
be tempered at once with the utmost facility, and the various 
degrees of heat necessary for different purposes might speedily 
be determined by experiment. (See Nicholson's JournaH^ 
vol. i. quarto.) An improvement of this principle has been 
since suggested by Mr. Parkes, by providing a bath of oil or 
of some kind of fusible metal for the tempering of every 
species of edged tool, w^hich contrivance would, in his opinion, 
give to this operation a greater degree of certainty, than lias 
ever been experienced by those who have conducted such 
manufactories. 


WIRE MANUFACTURE. 

Wire is made of various ductile metals; but as the manu- 
facture of the whole is very similar, we shall confine our- 
selves principally to a description of the manufacture of iron 
wire, winch is by far the most extensive article of commerce. 
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The process of wire-drawing consists in drawing a piece 
of metal through a hole in a steel plate^ which forms it into 
a regular and even thread, of great length, according to the 
quantity of metal supplied. 

The first part of the process in the manufacture of iron 
wire is, to subject the iron to the action of a tilt-hammer till 
it be reduced to a size that will admit of its being drawn 
through the plate. The tilt-hammer used is similar to that 
which we have described in the article ‘‘ Iron Works.” It 
weighs about 100 pounds, and makes 130 strokes per minute. 
A smaller tilt-hammer, weighing about 50 pounds, and 
making 20 strokes per minute, is also used for the wire- 
work. 

To prepare the iron for the draw-plate, the workman heats 
six or^ eight inches of the end of a large bar, and works it 
under the small tilt-hammer until it is drawn out into a 
small and regular round rod, of about six feet in length. 
Before it has time to cool another workman straightens it, 
and cuts oiF with a hammer upon an anvil the rod thus 
formed, and puts the remainder of the bar into the forge to 
be again heated. 

In manufacturing common wire, the bars may be advan- 
tageously run through a pair of rollers, instead of exposing 
them to the action of the tilt-mill ; but as the iron in rolling 
docs not acquire so much tenacity as in the hammering, this 
process should not be attempted in the manufacture of the 
best wire. 

The rod being thus prepared by one of these methods, is 
next drawn through a hole in the draw-plate, either by a 
strong machine with a chain, or else by a lever-machine. 

The machines used in the process of wire-drawing are, 
first. 

The common draw-bench, which consists of a stroiig plank of wood 
fixed on legs, like a stool or bench. Tt is represented in fig. 357. A is 
an axis, fixed in a horizontal position, so that it can be easily turned round 
by means of the four levers B B, fixed like radii on the end of the axis, 
C is a strong strap or cliain, capable of being wound about the axis or 
roller, and connected by means of a link with the pinCers D. E is a draw- 
plate, perforated with holes of different sizes, lodged against two strong iron 
pins a a, which are fixed in the bench, and left standing up perpendicularly, 
so that the plate can rest against them. The wire is passed through the 
draw-plate E, and is seized by the pincers D, which, by turning the arms 
or levers BB, winds about the roller, and draws tlie wire through the 
plate. 

Fig. 358 represents another kind of draw-bench, where a rack and pinion 
are used, instead of a roller and strap or chain, as above-mentioned. If 
this machine be turned by a winch the motion is more uniform, which is 
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of importance for some purposes. For instance, if a piece of metal be 
drawn rapidly through the draw-plate, it will in passing through be greatly 
compressed, and on emerging will expand a little ; but if it be drawn 
through the plate slowly, it will lose its expansive property. Now in the 
common draw-bench, or one we first descn1>ed, the motion communicated by 
means of the arras B B is very irregular, and the wire is consequently some- 
times drawn through the plate with a fast, and sometimes with a slow 
tion, which causes it to be of different degrees of quality ; but in using the 
rack and pinion, by means of a winch, the motion is regular, and the 
quality uniform. 

In France the roller or windlass is not employed, but tlie pincers are at- 
tached to a lever, which alternately draws them backwards and forwards by 
thrower of the water-wheel. 

Tlie pincers are so constructed, that they open and release themselves 
from the wire when they move towards tlie draw-plate ; but when drawn 
from the draw-plate close and bite the wire with a force that will draw it 
through the plate. 

A machine of this kind is represented in fig. 350. A B is a wooden level, 
which moves round an iron bolt or pin p, as a centre of motion ; C is an 
iron link, connected with the upright part of the lever A B, and having its 
lower end formed like a ring to seize the ends of the pincers, llie pincers 
are supported upon an inclined plate of iron f, which has a groove to receive 
th(} head of the pincers, to direct them in their motion to and from the 
draw-plate. 

Tlie end B of the lever is depressed by cogs, aifixed to the axis of the water- 
wheel, wliich draws the wire thiough the plate; but wlien the cogs quit the 
end of tlie lever, it is returned to its former position, by means of a rope 
fastened to llic end of B, and to a strong wooden pole, fixed to tlie top of 
the roof of the building, which acts as a spring. As the lever returii|,to its 
place, the pincers, by their own weight, slide down the inclined plane, and 
in their descent open suflicicntly to allow the wire to slide through them, 
without extricating itself from their jaws ; and on the next descent of the 
lever, they close upon tlie wire, and draw another portion through the plale. 

Three of these machines, of different sizes, are, in general, 
employed in a wire-mill; the largest draws two inches of 
the wire at each stroke, and makes about forty-eight strokes 
per minute; the, next four inches ; and the third five inches. 
This last makes about sixty-four rtrokes per minute. This 
mode of drawing wire is very simple, but defective; for 
mucli time is lost in the returning of the pincers ; they some- 
times fail le take hold; and wherever they bite they make 
deep marks upon the wire, which are not more than two inches 
apart in tiic great wire, and five inches in the smaller. 

Fine wire is always made from the large wire, by reducing 
it and lengthening it out by repeated drawings. The large 
wdre is usually manufactured at the wire-mills in the country, 
aud sometimes is reduced to small wire at the same establish- 
ments, but those who have occasion to use much wire usually 
purchase tlie large sort, and reduce it themselves. 

A liaiul niacliino, represented in fig. 360, is used for tliis purpose. A is a 
roller or cylinder, tuniing upon a vertical pin, fixed in the bench B; C a 
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hsfidie tarned hj manual labour ; £ the draw-plate ; and « o the pins against 
Whiph it rests. '!l^e wire Uthe drawn is placed upon a reel D, which toms 
upon a vertical pin. This reel is sometimes placed on the table, and some- 
times in a tub containing starch-water, or beer that has become acid. This 
last is to loose the oxyd from the surface of the wire, which it has acquired 
in the process of annealing. Fig. 361 represents a very simple and comfdete 
wire-drawing machine, capable of drawing three wires at once. A 11 are 
two rollers or barrels with cog-wheels, T V, on the ends of their axis. S is 
a pinion which is turned round by means of a handle B, and communicates 
motion to the cog-wheels T V. Both these wheels are fitted upon round 
parts of the axis of their respective rollers, so as to slip or turn freely round 
with the same; but a square is formed on the axis outside of the wheel, and 
a clutch or catch, t or e, is fitted on this square part, so as to turn always 
round with the axis. The catch is at liberty to slide upondhe axis in the 
direction of its length, by means of a lever W, which operates upon both 
catches at once. When either of them is pushed back in contact with the 
wheel, it intercepts two studs which project from the face of the wheel, and 
then compels the axis or roller to turn round with the wheel ; but when the 
catch is drawn away from the wheel, then the wheel will slip round upon its 
axis without communicating any motion. By means of the lever W, only 
one wheel can be engaged at once, and the other must be free. The draw- 
plate is firmly fixed between the two rollers, and it has a great many holes ; 
the rollers are long enough to receive three wires at the same time. Each 
roller has a groove in it parallel to the axis, into which a bar of metal is 
fitted, and will exactly fill it up. 

When the wires are introduced through the holes in the plate, the ends 
are .laid across this groove ; the bar is tlicu put in and fastened by a simple 
contrivance, and it fastens the ends of the wires beneath it, so that they be- 
come attached to the roller ; then by turning the handle, B, round, the two 
wheels are put in motion in contrary directions ; and that wheel which is 
connected with its axle by its catch, will turn its barrel round, and wind up 
the wires so as to draw them through the plate E. The other roller being at the 
same time detached, its wheel is at liberty to turn round in a contrary di- 
rection to the wheel, as fast as the wire« are drawn oft’ from it. When the 
whole length of the wires has been drawn through the plate, they are de- 
tached from the roller, the ends introduced through smaller holes in the 
plate, and fastened again to the roller ; tJien the lever W is shifted, to dis- 
engage that wheel which operated before, and engage the other. This being 
done, the rollers wiil be turned in an opposite direction, and will wind back 
the wires, although the handle B is turned the same way round. 

After the wire has been drawn three or four times, the metal becomes so 
hard and fibrous that it would not draw any more without breaking ; it 
therefore requires to be heated in the fire to restore its ductility ; for this 
purpose it must be taken off’ the barrels. A roller, M, is provided to wind the 
wire upon and draw it off from the barrel ; this roller is turned round by a 
handle, m, fixed on the extremity of its axis ; and 'the wire which is wound 
upon it in a coil is slipped off sideways. This machine is well adapted to be 
worked by a mill, because the handle may always be turned in the same way. 

Fig 362 represents a machine that is used for reducing the wire to be 
employed in tne manufacture of musical instruments, or in making cards for 
wool and cotton. A A A A are conical rollers, called blocks, each having 
a bush, through which passes a vertical spindle. These spindles are con- 
nected with wheel- work, situated beneath the bench, and being round are 
capable of revolving without communicating motion to the rollers. When the 
rollers are required to be engaged, they are lifted up frotn the bencli, till two 



348 


THB OPBRATIVS MECHANIC 


knobs, fixed in the hollow part of each, come in contact with a cross^lMr 
fixed on the top of each spmdle, which immediately carries them round. So, 
long as any wires are supplied by the reels K £ £ £, the stress of the urires 
passing through the draw-plates will hold the rollers and spindles clasped 
together ; but as soon as the whole of the wires have passed through the 
draw-plates, the rollers will become disengaged, and fall upon the bench. 
The tubs in which the reels are placed contain stale-beer grounds, or starch- 
water, for the purpose which we have already noticed. 

^ The French draw^lates are the most esteemed, and, in 
time of war, a good French draw-plate has been sold for its 
weight in silver. M. Du Hamel, in Les Arts et Metiers, 
vol. XV. gives the following account of the process of making 
the draw-plftes for the large iron-wire. 

A band of iron is forged of two inches broad and one inch 
thick. This is prepared at the great forge. About a foot in 
length is cut off, and heated to redness in a lire of charcoal. It 
is then beaten on one side with a hammer, so as to work all 
the surfEtce into furrows or grooves, in order that it may re- 
tain the substance called the potin, which is to be welded 
upon one side of the iron, to form the hard matter on which 
the holes are to be pierced. This potin is nothing biit frag- 
ments of old cast-iron pots ; but those pots which have been 
worn out by the continued action of the fire are not good ; the 
fragments of a new pot which has not been in the fire are 
better. 

The workman breaks these pieces of pots on his anvil, and 
mixes the pieces with charcoal of white wood. He puts this 
ill the forge, and heats it till it is melted into a sort of paste ; 
and to purify it he repeats the fusion ten or twelve times, and 
each time he takes it with the tongs to dip it in water. M. Du 
Hamel says, this is to render the^ matter more easy to break 
into pieces. 

By these repeated fusions with charcoal, the cast-iron is 
changed, and its qualities approach those of steel, but far 
from becoming brittle, it will yield to the blows of the ham- 
mer and to the punch, which is used to enlarge the holes. 
The bar of iron which is to make the draw-plate is covered 
with a layer of pieces of the potin, or cast-iron thus prepared. 
It is applied on the side which is farrowed, and should occupy 
about half an inch in thickness. The whole is then wrapped 
up in a coarse cloth, which has been dipped in clay and water, 
mixed up as thick as cream, and is put into the forge. The 
potin is more fusible than the forged iron, so that it will melt. 
The plate is withdrawn from the fire occasionally and ham- 
mered very gently upon the potin, to weld and in some mea- 
sure amalgamate it with the iron, which cannot be done at 



AND MACHINIST. 


once; but it must be repeatedly heated and worked until the 
potin fixes to the iron:. The workman then throws dry pow- 
dered upon it, in order, they say, to soften the potin. 

The%nion being complete, the plate is again heated, and 
forged by two workmen, who draw out the plate of one foot 
to alen^h of two feet, and ^ve it the form ft is to have. It 
is well known that cast-iron cannot be worked at the forge 
without breaking under the hammer ; but in tfie present in- 
stance, it is alloyed with the iron-bar, and is drawn out with 
it. It has also acquired new properties by the repeated 
fusions with dharcoal. 

The holes are next pierced whilst the plate is hot. This is 
done with a well-pointed punch of German steel, applied on 
that side of the plate which is the iron-bar. It requires four 
heats in the fire to punch the holes, and every turn a finer 
punch is employed, so as tcLmake a taper hole. The makers 
of draw-plates do not pier^lthe Tfofes quife through, but 
leave it to the wire-drawers to do it themselves when ilie 

E late is cold, with sharp punches, and then they open the 
ole to the size they desire ; and although this potin is of a 
very hard substance, the size of the hole may be reduced by 
gentle blows with a hard hammer, on the flat surface of the 
plate round the hole. 

A great many holes are made in the same plate ; and it is 
important that they should diminish in size by very imper- 
ceptible gradations ; so that the workman can always choose 
a hole suitable for the wire be is to draw, without being 
obliged to reduce it too much at once. 

To ascertain the size of the wire, three kinds of gauges are 
used. The one is made of a piece of wire bent in zigzag, 
with a space of a different widm between every bend ; another 
is made of a steel-plate with notches on the edge ; and the 
other, which is the most accurate, consists of two straight 
rules of steel put together at .an angle. The diameter of the 
wire in this last is indicated by the depth to which it will 
enter into the angle ; the edges of the rides are divided into 
equal parts for that puroose, and numbered, to correspond 
with the different sizes of the wire. 

The wire manufactory of Messrs. Mouchel, situated at 
L*Aiffle, in the department of yOme, is one of the most 
consmerable in France. It furnishes annually in cards for 
wool-combing only, 100,000 quintals of iron wire, each 
100 lbs. A, part of this b consumed in France, and the 
vest is exported to Spain, Italy, Portugal, and even to the 
shores of the l)evant. 



350 THK OPBRATfVB MECHANIC 

They employ the non inanufactured in the departments of 
L’Ome and La Hante Soane, as beings of the best quality. 
The fixEt produces the best wire for makii^ screws, n^s, and 
pins, as much on account of its hardness as its fine polislH^ which 
resembles steel-wire. In this respect, it is superior to tbe 
iron of Haute Soane; but from its ductility the latter can now^ 
be made extremely fin^ and it iq>pears to be most free from 
heterogeneous particles. 

The smelted iron, prepared and hammered^ being in a state 
nearly fit for their purpose, is transported at a small expense 
to L’Aigle, by the rivers and canals. They have a forge to 
reduce the steel and iron of Normandy, which arrives in large 
pieces, into small and regular bars. 

When tbe 'iron is form<^ into an irregular bar of about a 
centimetre, near four-tenths of an inch in diameter, they be- 
gin to draw it into wire. Although it be already much extended 
by hammering, it is in the first place passed four times 
through the drawing-plate ; then its molecules become dis- 
jK^sed lengthways, and exhibit fibres at their utmost exten- 
sion. The fibres must be removed by means of heat, which 
disperses nnd divides them; and after that the * wire may 
again be reduced three numbers. The fibres which are re- 
produced by this operation are again removetl by heat. The 
whole process is five times repeated, consequently the wire 
is passed tlirough fifteen numbers ; after which, a single ex- 
posure to the fire is sufficient to fit it for passing six others^ 
whereby it is reduced to the thickness of a knitting-needle^ 

The steel-wire, being much harder, requires to be passed 
through forty-four numbers, and to be annealed every other 
time. ' 

The machine which draws me steel-wire, must go slower 
than that which drawu the iron ; for the first being very 
hard, and offering more resistance to the drawing-plate, 
sh^kl be pulled out with more care, since the quickness ought 
to oe proportioned to the reaistaifce, and reciprocally ; and 
if they depart from this principle the results will vary. Thus, 
fop example, the iron of the department of L’Orne, which is 
more compact than that produced at Haute Soane, if drawn 
by the same machines, augments to hardness, and is weakened 
when it is brought to too great a di^ree of fineness. But this 
iron, which is rery Kurd, and capabfo of receiving a very high 
polish, is to be preferred for certetbi uses. 

in order to anneat t9ie wire, they formeily employed a 
Targe and elevated fin*naee^ with bars df cast-iron to supp ort 
the wire in the middle of the flames. It contains /TO© 
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pounds weighty so oontrived as to contain equal portions of 
each number. They are so arranged that the thickest wires 
receive the strongest heat ; therefore^ the whole is equally 
heated in the same space of time. 

The operation lasts three hours with a fire well kept up^ 
and it might be imagined that this apparatus was completely 
adapted to the purpose ; but there are imperfections in this 
method, because it leaves the wire exposed to the contact of 
the atmospheric kir, the oxygen of which it seizes with extreme 
avidity ; whence a considerable quantity of oxyd is occasioned, 
and also an o^ration to free it from the scales, which consists 
of beating the bundles of wire with a wooden hammer wetted 
with water. 

Notwithstanding this precaution, there often remains 
portion of oxyd adhering to the surface of the metal, whicn 
streaks the draw-plate, or fixes on the wire, and gives it a 
tarnished appearance, and causes it to break when it is brought 
to a great degree of fineness. This furnace is only used for 
the steel-wire, or the iron from L’Orne, which is less liable 
to change ; and besides, being harder, is not easily attacked 
by the oxygen. 

In order to diminish the waste that the fire occasions, they 
have contrived another process, which consists in dipping the 
bundles of wire into a basin of wet clay before they put them 
into the furnace; and they are left in the furnace to dry 
before the fire is lighted, without which precaution the clay 
would peel off from the iron. 

For making wire for cards, M. Moochel invented another 
furnace. It is round, and about one metre aix decimetres 
in diameter, and one metre eight decimetres in height, without 
including its parabolic arch, ancf the chimney above it. The 
interior is divided by horizontal grates into three stories ; the 
lowest receives the cinders, the second is the fire-place, and 
into the third, or upper ^ace, they slide a roteau of wire, 
weighihg 150 kilogrammes, which is enclosed in a space 
comprised between two cast-iron (flinders, being hitcd to 
prevent the admission of air between them. The flames 
circulate about the outside cfl the first, and Within the interior 
of the second, which defends the wire from atmospheric air. 
The diameter of the largest cylinder is about 4Mie metre four 
decimetres ; that of the second one metre thus the space 
comprised between them is two decimetres, on an elevation 
of five dedmetres. TTliere must be several pair of cylinders 
provided, because whilst one pair is in the furnace, another 
must be prepared to receive a fresh roleau of wire ; they are 
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changed every hour by means of a long iron levef, with hIucIi 
a single man can easily push them in^ and draw them out 
again, as the cylinder slides on cast-iron rails. 

They are very careful not to open the cylinders imme- 
diately on their being drawn out of the fire ; for the roleaus 
of wire contained in them, being still red, would oxydate 
quite as much as if they had been heated in the midst of the 
names without the least precaution. 

The opening contrived for the passage is on the side, and 
has a door of cast-iron, with a groove which winds round the 
furnace ; the fire-place has one something similar to it ; that 
of the ash-hole is vertical, in order that it may be raised to 
increase the fire at will, 

^ When the iron-wire is reduced to the thickness of a knitting- 
needle, it is made up into bundles of 125 kilogrammes (275ibs.) 
each, into a large iron vessel, in order to anneal it sufficiently 
to be reduced for the last time. This vessel is placed upside- 
down in the middle of a round furnace, which is so con- 
structed as to sustain burning coals all round it, and of which 
it consumes 35 kilogrammes (77 ihs.) before the operation is 
completed. The cover must be carefully luted, as the slightest 
admission of air is sufficient to burn the external surfaces of 
the wire to an oxyd, which cannot afterwards be reduced. 

When one of these vessels is sufficiently heated, it is filled 
with water containing three kilogrammes "(six pounds and 
a half) of tartar, and suspended over the flames of the furnace 
to make it boil ; this solution, without attacking the metal, 
frees it from the grease and the little oXyd that adheres to it. 
This is the last operation in which the wire is exposed to the 
fire, and it is then in the proper state for being reduced to 
the utmost degree of fineness it is capable of sustaining, and 
will preserve. enough of the effect of the annealing to require 
it no more ; but when the natural hardness of the iron varies, 
this last exposure to the fire should take place in proportion 
to its thickness. As steel loses its capacity of extension much 
sooner than iron, it is annealed until it is no thicker tlian a 
sewing-needle. The space which is left in the vessel is filled 
up with charcoal-dust, which prevents it from losing the 
quality of steel, and preserves the heat long enough to give 
it the proper degree of pliancy. 

As Messrs. Mouchel always use iron and steel at the same 
manufactory, they have been able to reduce their operations 
to a general system ; and to attain this end, have determined 
a graduated scale, by which the wire will not be more stretch^ 
in the drawing-plate in one number Or size than another. 
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The following^ is the me^od they contrived, in order to form 
tliis scale for the iron-\rae : — ^They take a certain quantity of 
various thicknesses, which has been drawn as hnc as the iron 
would bear ; the smallest si^ is 100,000 metres (109,333 
yfunls) in length to the kilogramme, 2*2 pounds avoirdupois ; 
they note the weight that each might be capable of supporting 
without breaking ; this being expressed by figures, it is easy, 
by a few interpolations, to express them in a progressive 
form. This kind of scale has been partly formed by comparing 
the weight of the different sizes with equal lengths, from 
which gauges or calibres may be made for the use of the 
workman. These gauges are certain guides, which they 
cannot mistake, except through great carelessness. 'If they 
had not these gauges, they would often pass the wire throi^h 
holes in the drawing-plates that are too large for it, whence 
it does not acquire the strength it should have in proportion 
to its thickness, and loses its hardness ; they might also pass 
it through holes that were too small, which would weaken it, 
and render it very brittle. In the latter case, it frequently 
happens that the steel of the drawing-plate, being unable 
to sustain the force to fvhich it is exposed, will give way, 
as if the plate were too soft ; and the wire will be brittle 
at the beginning, and soft and too thick at the other 
extremity. 

The greatest part of the fine wire at Messrs. Mouchel’s 
manufactory is drawn by workmen who are dispersed about 
the country ; but they have also a machine which moves 
twenty-four bobbins in a horizontal direction, which only 
requires the workmen to look after, it. It is upon the bob- 
bins that the wire is reduced to the different degrees of thin- 
ness desired ; therefore this is the last operation in the art of 
making iron and steel wire, although it has all requisite quali- 
ties given to it in the workshop of the wire-drawer. 

Wire is still incapable of being made into needles and 
carding-liooks until it has undergone another operation for 
dressing and straightening the wire, by which it is made to 
lose the bend or curve that it acquires on the bobbins. 

This work consists in drawing the wire between pins fixed 
on a piece, of wood, and which act to bend the wire, first in 
one mrection and then in the opposite, in a waving line, of 
which the waves are at first larger, but decrease gradually, 
and the last bend of which tends to force tl\e wire into a 
straight line. The dresser is obliged constantly to adjust the 
pins, by inclining or raising them with strokes of the hammer. 
Alto, for each number of wires, the pins must be at different 
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and calculated distances. This requires a workman of intel- 
ligence, diligence, and address. 

^ An ingenious instrument is now appropriated to this opera- 
tion, and removes all difficulty. Six little puppets of very 
hard steel are substituted for the nails of the ordinary instru- 
ment, and are fixed on parallel bars of metal, so jointed toge- 
ther that tlie movement of them all will be parallel, and the 
puppets are widened or brought nearer together by screws ; 
the wire is drawn between these puppets in a zigzag or 
waving line, and the repeated flexures break the sinuosities of 
the wire. There is a conductor of the wire to the puppets, 
and another conductor which serves to prevent the wire from 
being shaken. There are slight gro6ves at the extremity of 
the puppets, to give .a passage to the wire. A scale sustained 
by a screw indicates the distance at which the puppets should 
be. placed from each other, to straighten each size of wire; 
this forms nearly an invariable rule, and the dresser saves a 
third of the time which is employed in regulating the pins 
of the instrument formerly used. There is nothing more to 
be done but to draw out the wire by means of a wheel, on 
which be reels it, and then form it into bundles to be deli- 
vered to the consumers. 

The steel wire of France is proper for many purposes. It 
is brought from Messrs. Mouchel for making knitting-needles 
in the English fashion, shoemakers’ needles, and other similar 
articles ; it may be dso used for needles of all sizes, and 
even for cards for wool-combing; but as this steel is much 
more expensive than the iron-wire, it is very seldom used for 
the latter purpose. 

The method of preparing the draw-plates is described by 
Messrs. Mouchel, and is different from that before described. 

For making ^ire for cards, two sorts of drawing-plates are used, large 
and small ones ; the first, for the sort of wire that we have been describing, 
is drawn with the pincers, as fig. 359, and witl\ the bobbin or roller, which 
is a cylinder, adajited to the axis turned by the water-mill^ and is used in 

§ reference, to avoid the marks made on the wire by the pincers ; the small 
rawing-plates are used for such wire as may be drawn by hand. The st^el 
which they employ for these drawing-|dates should never vary in quality, 
except that the snmllest pieces are made of the finest steel. Several pieces 
of iron are disposed in the furnace in the form of a box without a lid, th^ir 
weight being according to the use for which they are intended to be made. 
The workman hlls each of these boxes with cast-steel, and having covered 
it over with a luting of clay, it is exposed to a fierce fire until the steel be 
melted, ills consists in seizing the proper moment to withdraw the 
plate fiom the fire ; he raises the luting, and blows on it through a tube, in 
order to drive off all heterogeneous parts, and then amalgamates it with the 
iron by light blows ; after it is cool, he replaces it at the fire, where the 
fbsion again tabes place, but to a less degree before; he afterwards 
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works the steel with lig^t blows olf the hammer, to purify and solder it with 
the iron. This operation is repeated from seven to ten times, according 
to its quality, which renders it more or less difficult to manage. During 
this process, a crust forms on the steel, which is detached from it the fifS 
time of its exmsure to the hre, because this crust is composed of an oxydated 
steel of an inferior quality. It sometimes liappens that two, and even three, 
of these crusts are formed of about two millimetres, or one-sixteeiith of an 
inch, in thickness, which must also be removed 

After all these different fusions, the plate is beaten by a 
hammer wetted with water, and the proper leiigth, breadth, 
and thickn'ess, are given to it. When thus prepared, the 
{dates Site heated again, in order to be pierced with holes by 
piiiDches of a conical form ; the operation is repeated five or 
six times, and the punches used each time are progressively 
smaller. It is of importance that the plate never be heated 
beyond a cherry-red, because if it receives a higher degree of 
heat, the steel undergoes an unfavourable change. The plates, 
when finished, present a very hard material, which neverthe- 
less will yield to the strokes of the punches and hammer, 
which they require when the holes become too much enlarged 
by the frequent passing of the wire through them. 

When the plates have been repaired several times, they 
acquire a degree of hardness which renders it necessary to 
anneal them, especially when they' pass from one size to 
another ; sometimes they do not acquire the projper quality 
until they have been annealed several times. Notwithstanding 
all the precautions which are taken in preparing the plates, 
the steel still varies a little in hardness, and according to this 
variation they should be employed for drawing either steel or 
iron wire ; and if the workman who proves them finds that 
they are too soft for either the stea or iron, they are' put 
aside, to be used by the brass-wire drawers. 

A plate that is best ad^ted for drawing of steel-wire is 
often unfit for the iron ; for the long pieces of this latter 
metal will become smaller at the extremity than at the begin- 
ning, because the wire, as it is drawn through the plate, is 
insensibly heated, and the adhering parts are sweUed, conse- 
q^uently pressed and reduced in size towards tlje latter end. 
The plates that are fit for brass are often 'too soft for iron, 
and the effect resulting is the reverse of that produced by 
a plate that is too hard. 

The smallest plates which Messrs, Mouchel use are at the 
least two centimetres, or eighth-tenths of an inch, in thickness^ 
so that the holes can be made sufficiently deep ; for when 
they are of a less thickness, they will seize the wire toa sud*- 
denly, and injure it. 

2 A 2 



TUB OPERATIVB MECHANIC 


356 

This inconvenience is much felt in manufactories where 
they continue to use the plates for too long a time^ as they 
become exceedingly thin after frequent r^irs. One of 
Messrs. Mouchel’s largo plates reduces kilogrammes 

(3,060 lbs. avoirdupois) from the largest size of wire to N" 6, 
which is of the thickness of a knitting-needle; 400 kilo- 
grammes (880 lbs.) of this number are mterwards reduced in 
one single small plate to 24, which is carding-wire ; and 
to finish tliem, they are passed through twelve times suc- 
cessively. 

Wires are frequently drawn so fine as to be wrought along 
with other threads of silk, wool, or hemp ; and thus they 
become a considerable article in the manufactures. 

Dr. Wollaston, in 1813, communicated to the Royal Society 
the result of his experiments in drawing wire. Having re- 
quired some fine wire for telescopes, and remembering that 
Muschenbrock mentioned wire 500 feet of which weighed 
only a single grain, he determined to try the experiment, 
although DO method of making such fine wire had ever yet 
been published. With this view, he took a rod of silver, 
drilled a hole through it only one-tenth its diameter, filled this 
hole with gold, and succeeded in drawing it into wire till it 
did not exceed the three or four thousandth part of an inch, 
and could have thus drawn it to the greatest fineness percep- 
tible by the senses. Drilling the silver he found very trou- 
blesome, and determined to try to draw platina-wire, as that 
metal would bear the silver to be cast round it. In this he 
succeeded with greater ease, drew the platina to any fineness, 
and plunged the silver in heated nitric-acid, which dissolved 
it, and left the gold or platiim wire perfect. 


LEAD MANUFACTURE. 

Lead ore is found in most parts of the world. In Britain 
the principal lead-mines are^ituated in Cornwall, Devonshire, 
and Somersetshire ; in Derbyshire, Durham, Lancashire, 
Cumberland, and Westmoreland ; in Shropshire, Flintshire, 
Denbighshire, Merionethshire, and Montgomeryshire^ at the 
lead-hills in Scotland, on the borders of Dumfrieshire and 
Lanarkshire, in Ayrshire, and at Strontian in Argylesbire. 

The smelting of the ore is performed by either a blast- 
furnace, called an ore-hearth, or a reverberatory-furnace. 
In the former method, the ore and fuel are mixed top'ether. 
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ind expoBed ib the action of, the blast, which quickly fuses 
the mew, and causes it to fell into the lower part of the 
hearth, whdre it is protected from the oxygen of the blast 
by the scoria that floats upon its surface. 

VHien the fluid lead is tapped, or drawn ofl; a sufficient 
quantity of it is left in the mrnace to float the liquid scoria ; 
but when the whole of the lead is to be drawn on, the blast 
is stopped, and some lime is thrown into the furnace to con- 
crete the scoria, while the lead is run out. 

In smelting by the reverberatory-fumace, which is un- 
doubtedly the best in places where there is an ample supply 
of coal, the fire is made at one end, and the flame passes over 
the hearth, and enters into an oblique chimney, which ter- 
minates in a perpendicular one, called a stack, of considerable 
height. The length of the hearth, from the place where the 
fire enters to the chimney, is about eleren feet, two of which 
constitute the throat of the fumqce ; the remainder forms a 
concave surface, four and a half feet wide at the throat of the 
furnace, seven feet four inches at the distance of two feet from 
the throat, seven feet two inches in the middle of the hearth, 
five feet eleven inches at two feet distance from the chimney, 
and two feet ten inches where the flame enters the chimney 
at two apertures, each ten inches square ; the throat of the 
furnace is two feet long, four feet wide, and six inches deep ; 
the length of the fire-place four feet, equal to the ividth of 
the thioat ; its width two feet, and depth three feet, from the 
grate up to the throat of the furnace; the section of the 
oblique chimney is sixteen inches square, and of tlie perpen- 
dicular twenty inches, supposing a straight horizontal line 
drawn from the lower plane of the throat of the chimney to 
the opposite side of the furnace ; the lower part of the con- 
cave hearth, which is in the middle of this cavity, is nineteen 
inches below this line, the roof of the furnace being seventeen 
inches above the same line ; the rest of the hearth is conform- 
ably concave. 

The furnace on one side has three openings, about ten 
inches square, at equal distances from each other, and pro- 
vided with iron doors, which can be removed as occasion may 
require. Besides these apertures, which are for the purpose 
of raking and stirring the ore, &c. and consequently, upon 
a level with the horizontal line above alluded to, there are 
two others of smaller dimensions, the one to tap the liquid 
lead, the other the scoria. The ore is introduced by a vessel 
in the shape of a hopper placed in the roof of the furnace. 

The ores of lead, similarly to those of iron and most other 
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metals^ arc combined with various kinds of earthy matter^ 
which require them to be well pounded before thiey are intro- 
duced into the reverberatory or smelting furnace/ The pound- 
ing is sometimes performed by women using hammers^ and 
sometimes the ores arc pounded or crushed by causing them 
to pass through iron rollers loaded with great weights. After 
the ores have been pounded or crushed^ the earthy matter 
is separated by wasliing. 

The powder to be washed is put into a riddle or sieve, and 
placed in a large tub full of water 3 when, by a certain mo- 
tion, the lighter or earthy parts are separated and thrown 
over the edge of the riddle, while the metal, which, as we 
have before stated, is always considerably heavier than its 
accompanying ingredients, is retained. There are some im- 
purities, however, which cannot be separated by this process, 
consisting principally of blindy or black^jackj called mock ore, 
and pyrites, or sulphuret of iron, named Brazil. 

In the process of smelting, the ore is spread upon the con- 
cave hearth, so that the flame may act upon it, and release 
the sulphur. When the sulphur has escaped, the lead com- 
bines with oxygen, and the oxyd of lead, thus formed, com- 
bines with and reduces the earthy matter to a liquid, which 
floats upon the surface of the metal, and for the remainder of 
the operation, protects it from the action of the oxygen. The 
temperature of the funiace is now considerably raised, to 
separate as quickly as possible the lead from the liquid scoria ; 
after which a considerable portion of the scoria is tapped off, 
leaving only so much behind as is necessary to protect the 
metal from the action of the oxygen. The fire is now slackened, 
and a quantity of slack, ()r refuse pit-coal, thrown into the 
furnace, which serves to diminish the heat, and to concrete the 
melted scoria ; though this last part of the process is not well 
done unless powdered lime be also added. The scoria being 
now hardened, is broken to pieces by a nike, and thrust to 
the opposite side of the furnace, where it is taken out through 
the apertures already mentioned. 

The lead is now tapped, in a manner similar to that de- 
scribed in the manufacture of iron, and is allowed to run into 
a large iron pan, from whence it is laded into moulds to east 
into pigs. When the ores abound with blind, or black-jack, or 
sulphate of iron, it becomes necessary to add the fluat of lime, 
as a flux. 

The scoria is still found to contain some lead, independent 
of tliat in the state of oxyd, and chemically combined with it, 
and is consequently exposed to the heat of another furnace. 
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bong a fipecies of bla^ and called a slag-hearth, which fuses 
the scoria, and causes the metal to penetrate through it, and 
ftdl into a cavity, where it is protected from the agency of 
tiie blast, tod from whence it is taken and cast into pigs. 

As all lead ores contain more or less of silver, we shall 
eictract from Dr. Rees's Cyclopaedia the method by which the 
silver, by the oxydation of the lead, is extracted. 

shallow vessel, or cupel, is filled with prepared fern-ashes 
well rammed down, and a concavity cut out mr the reception 
of the lead, with an opening on one side for the mouth of the 
bellows, through which the air is forcibly driven during the 
process. The French smelters cover the surface of the ashes 
with hay, and arrange symmetrically the pieces of lead upon 
it. When the fire is lighted, and the lead is in a state^ of 
fusion from the reverberation of the flame, the blast from 
the bellows is made to play forcibly on the surface, and in a 
short time a crust of yellow oxyd of lead, or litharge, is 
formed, and driven to the side oi the cuyel opposite to the 
mouth of the bellows, where a shallow side or aperture is 
made for it to pass over ; another crust of litharge is formed 
and driven oiF, and this is repeated in succession till nearly 
all the lead has been converted into litharge and driven off. 
The operation continues about forty hours, when the complete 
separation of the lead is indicated by a brilliant lustre on the 
convex surface of the melted mass in the cupel, which is 
occasioned by the removal of the last crust of litharge that 
covered the silver. The French introduce water through a 
tube into the cupel, to cool the silver rapidly, and prevent its 
spirting out, which it does when the refrigeration is mduai, 
owing probably to its tendency to crystallize. In England 
the silver is Im to cool in the cupel, and some inconvenience 
is caused by the spirting, which might be avoided by the 
former mode. 

The silver thus extracted is not sufficiently pure } it is 
again refined in a reverberatory-furnace, being placed in a 
cupel lined with bone ashes, and exposed to greater heat i 
the lead which has escaped oxydation by the first process, is 
converted into litharge, and absorbed by the ashes of the 
cupel. 

The last portions of litharge in the first process are again 
refined for silver, of which it containB a part which was driven 
off with it. The litharge is converted into lead again by 
heating it with charcoal ; part is sometimes sold for pigment, 
or converted into red-lead. The loss of lead by this process 
differs considerably, according to the quality of the lead. 



360 


THE 0I*EIIATIVB MECHANIC 


The iicuarge commonly obtained from three tons of lead 
amounts to 58 hundred weight ; but when it is again reduced 
to a metallic state, it seldom contains more than 52 hundred 
weight of lead, the loss on three tons being eight hundred 
weight. The Dutch are said to extract the silver from the 
same quantity of lead with only the loss of six hundred 
weight.’* 

Having explained the process by which pig-lead is ex- 
tracted from the ores, it now remains for us to show the 
methods by which pig-lead is manufactured into sh«et-lead, 
or into the tubes called lead-pipes. 

In the manufacture of sheet-lead, the ingots or pigs are put 
into a large caldron or furnace built with free-stonq and 
earth. Near this funiace is the table or mould on which the 
sheet is to be cast ; it is made of large pieces of wood, well 
jointed, and bound at the ends with bars of iron, and has 
a ledge or border of wood, about two or three inches thick, 
and one or two "high, cdled the sharps. The tables are 
usually about three or four feet wide, and from eighteen to 
twenty feet long. The table is covered with very fine sand, 
which is prepared for the casting by moistening it with clear 
water, working it together with a stick, beating it flat with 
a mallet, and smoothing it with a piece of brass or wood. 

A long narrow piece of wood, "with notches cut in each end 
so as to fit the ledges, is placed over the table, and is so 
arranged, that the space between it and the sand shall be 
proportionate to the intended thickness of the plate. The 
workman gradually slides the strike from one end of the 
table to the other, by which means he obtains a sheet of the 
requisite, and in all parts of equal, thickness. 

At the top of the table is a large triangular iron peel or 
shovel, with its fore part bearing upon the edge of the table, 
and the hindei part on a tressel, somewhat lower than the 
table ; the design of which is, to prevent the liquid metal 
running off at the fore side, where there is no ledge. The 
metal being sufliciently fused, is taken out of the furnace or 
caldron with a large iron ladle, and is put into the peel, 
where it is cleansed of its impurities by using another large 
iron ladle pierced like a scummer. The handle of the peel is 
now raised,' which causes the liquid metal to run into the 
mould, while the workman, with the strike, regulates the 
thickness. When the sheet is of the required thickness, 
the handle of the peel is lowered, and the sheet is allowed to 
cool. When set, the edges on both sides are planished in 
order to render them smooth and straight. 
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The method above described is only used in casting large 
sheets of lead; in casting sheets of smaller dimensions^ the 
table or mouldy which is placed in an inclined position, is, in 
lieu of sand, covered with a piece of woollen stuff, nailed 
down at both ends, and over that is placed a very fine linen 
cloth. 

In thi$ process great attention must be paid to the heat 
of the liquid metal, and a piece of paper is used as a test ; 
if Xiie paper take fire, the lead is too hot, and would de- 
stroy the linen ; if it be not shrunk and scorched, it is not 
hot enough. 

When the sheets are required to be very thin, it is neces- 
sary to make the peel and strike of one piece. It is a kind 
of wooden box without a bottom, .being closed only on three 
sides ; the back of it is about seven or eight inches high, and 
the two sides, lil^ two acute angles, diminish to the top ; the 
width of the middle makes that of the strike, which again 
makes that of the sheet to be cast. 

The strike is so placed, that the highest part is towards 
the lower, and the two sloping sides towards the upper end 
of the table. The top part of the table, where the metal is 
poured in, is covered with a pasteboard, which serves as a 
bottom to the case, and prevents the linen from being burnt 
while the metal is pouring in. 

The strike or peel being filled with lead, according to the 
intended size of the sheet, two men, one at each side, seize 
hold of it, and with greater or less velocity, as the sheet is to 
be more or less thick, force it down the inclined table ; for 
the thickness of the sheet always depends upon the velocity 
with which the strike slides down tlie table. The sheet-lead, 
after casting, is frequently reduced by rollers. 

As this particular department is so intimately connected 
with the business of a plumber, we shall not be considered 
as departing from the subject by inserting the following 
tables, from HuttovkS Mensuration. 

Plumber’s work is commonlv estimated by the pound or 
hundred weight ; but the weight may be discovered by the 
measure of it, in the manner below stoted. Sheet-lead used 
in roofing, guttering, &c. is commonly between seven and 
twelve pounds weight to the square foot ; but the following* 
table shows by inspection the particular weight of a square 
foot for each of several thicknesses. 
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Tliickncfts. 

Pounds 

to a square foot. 

Tliickness. 

Potuidt 

to a square fool* 

*•10 

5-899 

•15 

8-848 

•11 

6-489 

•16 . 

9-438 


6-554 


9-831 

•12 

7-078 

•17 

10-028 

i 

7-373 

•18 

10-618 

•13 

7-6*68 

' -19 

11-207 

•14 

8-258 

•2=i 

11-797 

1 

8-427 

.21 

12-387 


In this table the thickness is set down in tenth's and hun« 
dredths, &c. of an inch 5 and the annexed corresponding 
numbers are the weights in avoirdupois pounds and thou- 
sandth parts of a pound. So the weight of a square foot of 
■^o- or -jVfr of an inch thick is 5 pounds and iWir of a pound ; 
and the weight of a square foot to one-ninth of an inch 
thickness is 6 pounds and iVhsV of a pound. Lead pipe 
of an inch bore is commonly 13 or 14 pounds to the yard in 
length. 

Examples : 

1. How much weighs the lead which is 39 feet 6 inches long, and 3 feet 
3 inches broad^ at 8§ lbs. to the square foot ? 




Duodecimals. 

Decimals. 


39- 6 

39-6 


3- 3 

3* 


. 118- 6 

118-5 


9-10-6 

9-875 


. 128- 4-6 

128-375 


8* 

8§ 


1024 

1027-000 


64 

64-1875 


% 

1091-1875 



Answer. • • 

... 1091^&ibs« 


2. What cost the covering and guttering of a roof with lead, at i 8*. per 
cwt. ; the length of the roof being 43 feet, and the breadth or girth over it 
32 feet, the guttering 57 feet long, and 2 feet wide ; the former 9,831 lbs. 
and the latter 7,373 lbs. to the square foot ? — ^Answer, 115/. 9s. tid 

|t is now time to direct our attention to the manufacture 
of lead pipes, which are universally employed for small 
water-pipes, ^m the facility of bending them in any direc- 
tion^ and soldering their joints. 

L«ad pipes are sometimes cast in an iron mouldy made in 
two halves, forming, when put together, a hollow cylidner, 
of the size of the intended pipe ; in this cylinder, or mould, 
js put an iron rod or core, extending from the top to the 
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bottom^ and leaving all round a spaee between it and the 
cylinder of the intended thickness of the pipe. The lead is 
poured in at a spout, formed by two corresponding notches 
cut in each half of the mould ; and a simibur hole is made.at 
another place for the escape of air. The mould is fastened 
down upon a bench, upon which, at one end, and in a line 
with its centre, is a rack, moved by toothed-whcels and 
pinions. 

When the pipe is cast, a hook at the end of the rack is put 
into an eye at the end of the iron core, which, by the action 
of the cog-wheels and pinions, is drami so far out, that about 
two inches of it only remain in the end of the pipe ; the two 
halves of the mould, which fasten together by wedges or 
screws, are now separated from the pipes, and are fastened 
upon the iron core, and the two inches of lead pipe attached 
to it ; melted lead is again poured into the mould, which, 
uniting with the end of the first piece, forms the pipe of con- 
siderable length ; and the operation is repeated till it be of 
the length required. 

Another and a much better method is, to cast the lead in an 
iron mould upon a cylindrical iron pipe, of a size proportioned 
to the bore of the pipe to be made, and leaving a space be- 
tween the core and the mould three or four times the thick- 
ness of the intended pipe, and in short lengths, which are 
afterwards drawn through holes in pieces of steel, similar to 
the process of wife-drawing, till the pipe is reduced to the 
required thickness. 

Another method is that for which the celebrated iron- 
manufacturer, Mr. John Wilkinson, of Brosely, took out a 
patent in 1790, and which, since the expiration of his patent, 
has been successfully practised by many other manufacturers. 
This method consists in casting a circular piece of lead, about 
eighteen inches long, with a core or hole longitudinally 
through its centre. This piece is of considerably larger 
diameter than that of the ^ipe intended to be made. The 
core or hole at one extremity suddenly decreases, so as to 
form on the internal surface of the piece of lead a stop or 
shoulder, agmnst which a polished iron triblet or mandrel, 
which has been passed thus &r along the core, rests. This 
triblet or mandrel is of somewhat greater length than the 
length required of the pipe to be manufactured, which, 
generally speaking, is from seven to nine feet. An iron screw, 
having a loop at the opposite end, is then passed down the 
other end of the core, and is screwed into that, part of the 
mandrel which rests against the shoulder. In this state 



364 


THR OFBRATIVB MBCHAMIC 


the mandrel^ with the circular piece of lead fixed fast on hi, is 
taken to the dramog-table. 

The drawing-table in the principle of its operation resem- 
bles the block described in the Wire Manufacture in every 
respect, though ifts far more powerful. The table generally 
used is about thirty feet long, by two feet wide ; having at 
one end a powerful cylinder with a chain attached to it. 
This cylinder receives motion from a steam-engine, or other 
first mover, and can be thrown in and out of geer by an adapt- 
ation of any one of the appropriate modes described under 
the article Mill-geering.’^ About two- thirds the length 
of the bench from the cylinder, or roller, are two pins or stops 
to hold a steel plate, which has a gradation of conical holes. 
Through the largest of these holes, which is somewhat less 
than the diameter of the circular piece of lead, the loop that 
is screwed on to the end of the mandrel is passed, and attached 
fo a hook at the extremity of the chain, which chain is affixed 
to the cylinder or roller. The cylinder being now thrown 
into geer, the piece of lead is drawn through the hole in the 
steel plate, which diminishes it in diameter, and increases it 
in length ; and this operation is carried successively through 
the series of gradually decreasing holes in the draw-plate, 
until the pipe is reduced to the required diameter. The 
cylinder is now struck out of geer, and the mandrel liberated 
from the chain, which is immediately attached to the other 
end of it. The steel draw-plate being nbw removed, the 
stops against which it rested allow the mandrel to pass be- 
tween them, but detain the lead pipe, which, consequently, 
by striking the cj^linder into geer, allows the mandrel to be 
extricated from it. A small portion of pipe being cut off at 
both ends, the pipe is considered finished. Through the 
whole of the operation, great care is taken to keep the 
mandrel and steel plate well oiled. 

As no acid can pass through lead pipe without becoming 
more or less affected by its deleterious qualities, it is neces- 
sary in cases where acids are used, to have pipes made of 
iron, or of lead lined with tin. To line lead pipe with tin, 
the lead pipe must be cast in a vertical mould, which has 
a core of somewhat larger diameter than the intended bore of 
the pipe passing down its centre. When the pipe is cast, 
and the metal is set, this mandrel is drawn out of the mould, 
and another of smdler diameter is substituted. About as 
much coarse resin as will lay on a shilling is now throvm into 
the space between the pipe and the core or mandrel just 
passed down the mould, lliis resin by the heat of the lead 
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is melted, and runs to the bottom of the mould. The melted 
tin being now poured in, the resin will float on its surface, 
and, consequently, as the tin rises, anoint the tin in every 
part, and act as a flux, and unite the two vessels. As soon 
as the tin is set, the last-mentioned mandrel is drawn out, 
and the external mould being removed, (he lead now lined 
with tin is, when quite cold, ready to be submitted to the 
process of drawing. Various other equally simple processes 
are adapted to this purpose. )» 


PAPER MANUFACTURE. 

Paper, that highly valuable substance, which enables us. 
to communicate our thoughts to persons situate at the most 
distant quarters of the civilized globe, is manufactured from 
rags, by the aid of machinery. 

It was formerly necessary to assort with great care the 
rags which were intended to be, manufactured into paper 5 
and none but the whitest and best, and which, consequently, 
were the most expensive, could be made into paper of the 
finest quality 5 but since the introduction of chlorine (which 
was discovered by Scheele) into our bleaching establishments, 
the necessity of this assortment has been greatly obviated ; 
as it was soon conceived that that chemic^ agency, which 
was capable of bleaching linen, was also applicable to the 
whitening of the rag during the process of paper-making. 

At that period of the process, when the rag is coming into 
a state of pulp, chlorate of lime, which was first manufactured 
by Mr. Tennant, of Glasgow, is introduced into the vat j and, 
by its chemical action on the fibre, whitens or bleaches the 
whole mass ; thus enabling the manufacturer to produce a 
whiter and much finer quality of paper from rags of a se- 
condary quality, than he had heretofore dpne from rags of 
the most expensive description. It must, however, be ad- 
mitted that, as in all bleaching processes where the fibre is 
more or less deteriorated by the action of chlorine, the paper 
manufactured and whitened by this agent is not so strong^ as 
that formerly produced ; as may be observed in some thick 
and beautifully white papers frequently offered to the publie 
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at astonishing low prices, which are manufactureil from 
coloured and inferior rags, with a superabundance of the 
chlorate of lime introduced in the process of the manufacture. 
By this, therefore, it is evident that the chlorate of lime, 
when used too abundantly, will rot or destroy the fibre of the 
whole ; but when judiciously applied, it produces a paper of 
superior colour, and of adequate strength for all practical 
purposes. 

The paper-mill eonsists of a wafer-wheel, or other first 
mover, connected with a combination of toothed and other 
wheels, so arranged as to cause the cylinder in the washevy 
and the one in the beating engine, which will be hereafter 
described, to make from 120 to 150 revolutions per minute. 
On the same sh&ft, and of the same size as the water-wheel, 

. is a toothed or cogged wheel, which plays in a pinion ; the 
spindle of this pinion is furnished with a crank, which, by 
means of a connecting rod, gives a reciprocating motion to a 
lever, for the purpose of working two pumps, which raise 
a constant stream of water from the mill-dam. This stream 
of water is kept running through the rags in the washing** 
engine, to carry away the dirt separated from them by the 
operation. The structure of an engine is more minutely 
explained by figs. 371, 372, 373, 374, &c. ; fig. 371 being 
a section through the length of the engines, and fig. 372 
a horizontal plan. 

The large vat or cistern, A A, is of an oblong figure on the outside, the 
angles being cut off ; but the inside, which is lined with lead, has straiglit 
sides and circular ends. It is divided by a partition, B B, also covered 
with lead. The cylinder C is fixed fest upon the spindle D, which extends 
across the engine, and is put in motion, as before described, by the pinion E, 
placed on the extremity of it. The cylinder is made of wood, and furnished 
with a number of teeth, oi cuaers, fixed fast on its circumference, parallel 
to the axis, and projecting about an inch, as is shown on a larger scale at 
fig. 375. 

Immediately beneath the cylinder, a block of wood, II, is placed, and 
provided with similar cutters to those of the cylinder, which, when they 
revolve, pass very near the teeth of the block, but do not toucli ; the dis- 
.tance between them be’, j capable of regulation, by elevating or depressing 
the bearings on whi^h the necks D,D, of the spindle are supported. These 
bearin|p are made on two levers, F, F, which have tenons at their ends, 
fitted into upright moruses, made in short beams, G, G, bolted to the sides 
of the engine. (See alsw fig. 373.) The levers, F, F, are movable at one 
end of each, the other ends being fitted* to rise and fall on bolts, in the 
beams G, as centres- 

The front one of these levers, or that nearest to the cylinder C, is capable 
of being elevated or depressed, by turning the handle of the screw 5, 
which, as shown in fig, 373, acts in a nut a, fixed to the tenon of F, and 
comes up thxough the top of the beam G, upon which the head of the strew 
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takes its bearing. Two brasses are let into the middle of the lerers F F 
and form the bearings for the spindle of the engine to Work upon. Tlie 
screw, b, is used to raise or lower the cylinder, and cause it to cut finer or 
coarser, by enlarging or diminishing the space between the cutters in the 
block, and those of the cylinder. 

Near K, figs. 371 and 372, is a circular breasting made of boards, and 
covered with sheet-lead : it is curved to fit the cylinder very truly, and 
leaves bift very little space between the teeth and breasting. An inclined 
plane, K, leads regularly from the bottom of the engine-vat to the top of 
this breasting; and at the bottom of it the block, H, is fixed. 

The engine is supplied with water by a pipe, Q, Inrin^ing it from the 
pump ; this pipe delivers it into a small cistern, M, adjoining, and com- 
municating with the engine. The pipe has a cock, P, to stop the entrance 
of the water, when required, or to regulate the quantity or its disebarge. 
The small cistern has a grating fixed across it, covered with a hair-strainer, 
to catch any extraneous matter which may come in with the water, or a 
flannel bag is sometimes tied over the orifice of the cock, P, through 
which all the water must be filtered. When the engine is ftlled vrith water, 
and a quantity of rags put in, they are, by the revolution of the cylinder, 
drawn between its cutters and tlie teeth of the block 11. This cuts them 
in pieces, then, by the rapid motion of the cylinder, the rags and water are 
thrown over the top of the breasting, upon the inclined plane ; in a short 
time, this raises more rags and water into that part of the engine-vat ; and 
the tendency to restore the equilibrium puts the whole contents of the vat 
in slow motion, down the inclined plane K, and round the partition B B, 
by which they come to the cylinder again in about the space of 20 minutes; 
so that the rags are repelledly cut and chopped in every direction, till they 
are reduced to a pulp. 

This circulation is of advantage, in turning the rags over in the engine^ 
and causes them to present themselves to the cutters in a difi^event direction 
eveiy time ; for as the cylinder cuts or clips in straight lines, in the same 
manner as a pair of shears, it is requisite to cut the rags across in difierent 
directions, to reduce them to a pulp. 

The manner of the cutting is this ; the teeth of the block are placed 
rather inclined to the axis of the cylinder, as shown by fig. 374, but the 
teeth of the cylinder are parallel to its axis ; therefore, the cutting edges, 
when they meet, are at a small angle, and come in contact first at one 
end, and then successively the contacts proceed along to the other end, so 
that any rags interspersed between them are cut in the same manner as 
they would be between the blades of a pair of shears. Sometimes the 
plates or cutters, A, in the block, are bent to an angle in the middle, instead 
of being straight, and inclined to the cylinder; in this case, they arc 
called elbow plates, and of course the two ends are both inclined to the 
axis of the cylinder in opposite directions. In either case, the edges ot 
the plate of the block cannot be straight lines, but must be curved, to 
adapt themselves to the curve which a line traced on the cylinder will of 
course have. 

The plates or cutters of the block are united, by screwing them altogether 
and fitting them into a cavity cut out in the wooden block H ; their edges 
are bevelled away on one side only; as shown at k in the section, fig. 374. 
The block is fixed in its place by being made dove-tailed, and truly AtJ^ 
into tho bottom of the cistern, so that the water will not leak by it. The 
end of it comes through the wood-work of the chest, and projects a small 
distance on the outside of it, being kept up to its place by a» wedge, sd tbit 
by withdrawing this wedge, the block becomes loose, and can be removed, 
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to sharpen the cutters, as occasion requires. This is done on a grindstone 
the plates being first separated from each other. 

Tne cutters of the cylinder are fixed into grooves, cut in the wood of the 
cylinder, at equal distances from each other round its circumference, in a 
direction parallel to its axis ; the number of these grooves is twenty ; and 
for the washer, each groove has two cutters or bars put into it ; then a fillet 
of wood is driven fast in between them, to hold them firm ; and the fillets 
are kept fast by spikes driven into the solid wood of the cylinder. The 
beater is made in the same manner, except that each groove contains throe 
bars and two fillets, as shown in fig. 375. 

In the operation of the cylinder, it is necessary that it should be enclosed 
in a case, or its great velocity would throw all the water and rags out of the 
engine. The case is a wooden box, L L, enclosed on all sides except the 
bottom ; one side of it rests upon the edge of the vat, and the other upon 
the edge of the partition B B. Th^lines, c c, represent the edges of wooden 
frames, which are covered with hair or wire-clotn ; and immediately behind 
these, the box is made with a bottom, and a ledge towards the cylinder, 
which makes a complete trough. 

The dark spaces, e e, in fig. 371, show the situation of two openings, or 
spouts, through the side of the case, which lead to fiat lead-pipes, 5, 5, 
fig. 372, which are placed by the side of the vat ; the beam, F, being cut 
away for them. There are waste pipes, to convey away the foul water from 
the engine ; for the cylinder, as it turns, throws a great quantity of water 
and rags against the sieves ; the water goes through them, and runs down 
into the trough at e e, and from thence into the ends of the lead pipes, b, b, 
fig. 372, by which it is conveyed away ; d, d, fig. 371, are grooves for two 
boards, which, when put down in their places, oover the hair-sieves, and 
stop the water from going through them, if it is required to retain the water 
in the engine. This is always* the case in the beating-engines, and therefore 
they are seldom provided with these waste-pipes, or at most on one side 
only ; the other side of the cover being curved, to conform to the cylinder. 
Except this, the only difference between the washing-engine and the beater 
is that the teeth of the latter are finer, having 60 instead of 40 bars on its 
circumference ; and it revolves quicker than the washer, so that it will cut 
and divide those particles which pass through the teeth of the washer. 

The rags being now reduced to a state of pulp, we shall in 
the next place proceed to show the method of forming it into 
sheets of paper. 

It was formerly the custom to allow a small, but sufficient 
portion of the pulp to flow on a sieve furnished with two 
handles, which sieve was agitated by a workman until the 
pulp had subsided or settled regularly throughout the surface, 
^is, when it had passed through the usual processes of 
pressing, drying, &c. constituted a sheet of paper; and its 
texture was indicated by the fineness of the quality of the 
wire out of which the sieve was constructed. 

This unmerhanical and desulto:^ mode of operation has 
been obviated by improvements eimeted by many ingenious 
persons ; but the machines which are now almost universally 
employed^ and which have most decidedly superseded all 
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ol&a att6Bq«ts at tbe samriol^ep^waB tbeaaveatmn of the 
Mesers. Fourdrioier.' The action and ananrement irf this 
' ingenious piece of medumism consists in having a borixontal 
frame, o£ any requiied kngth, furnished- with a XfiUer or 

3 iin^ at each end, ov^ which is stretched sin endlees web 
brass wire, of the requisite texture or fineness for the 
paper about to be numufoctiured. At one end of the frame, 

i iaralid with, andiiBmedktel^ over, one . of the cyiiaders, is a 
ong angoiar trough, into whuh the pu^ii is soceived, whence 
it issues through a iong slit or;openfai^ which U regulat«l by 
a screw, and foils on the sor&ce of the web bene^. At. this 
period of the process, the cylinders areaet.ui tn»tion,.and 
the web proceeds slowly forward with a tremulous motion, 
which arranges and disperses the pulp rsgulariy over -the 
whole surfoce of riie web. ‘Hus tremulous motion is im* 
parted to the whole of the. machinery by an eccentric move- 
ment. 

As soon as the piqtor arrives in this crude and wet state at 
the extremity of we web of tbe further cylinder, it is wiped 
and triten up by a li»^ cylinder, covered with felt or flannel, 
and is passed between a series of similar cylinders, and finally 
delivered to a reel, and wound off in a coil or bank so long as 
the Qjperation proceeds. Thus, paper, by the action of this 
ingenious machine, may be manuractured to an unlimited 
length, and of any width thM; is compatible with the manu- 
facture of wire web. The reel or winder being now with- 
drawn, the coil of piqier is cut on both sides, fiwming sheets 
of the length and breadth of the machine and reel on which it 
is wound. 

The arrangement of the different speeds of the various 
cylinders for moving the web, and afterwards pressing the 
pBper,.together with, the action of the reel, and the tremulous 
motion tiiat is imparted to the whole of the machinery by the 
eccentric or wiper, - as also the regular supply of the pulp for 
the various qmmties of the paper to be niaattfactured, form a 
most elegant comhination of ingenuity and mephaoical know- 
ledge ; and it is only to be lamented that the inventors and 
firat propietorti, of this great pource of national industry, 
riioqld not have obtained a reward adequate to the benefit 
ifhjic^thiey,lmv& conferred on theip country. 

'.Tne. quantity of water, which a paper-mill can tmjnmand'to 
tiwn ii(a ^gines, generally limits the extmit of its traw; 

manufacturers shjmld attend to eve^ improveitiitet 
ojf tifo ixuu^nery whic& can increase tbour ef&bt. ' ’ 

2b 
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A very large and capital. {Miper^mill^ at IVbddfltan^ in Keh^ 
which » the principal seat of the paper tr^e in England^ is 
worked by ateam-engines^ and is found tb l^in^^ very Well. 
The ihachinery and building of a mper^li^^sihpuld be well 
xnade^ and fihnly put together, oraerwise Ita g^at velocity 
and ^wer produces a tremor# wfaH^4il time shfjc^ every 
thing to pieces. The ' noise and vibrati<^ef a jwashii^- 
en^e is tremendous ; for when it ^voives '120 times per 
minute, and harfbrty teeth, eacb^ which passes by twelve 
or fourteen teeth uime.blo<^ at every revolution, it will make 
near 60,000 cuts per mhnite# and each of them sufficiently 
loud to produce the most horrible growling sound which can 
be conceived. 

The beater revolving quicker, having sixty teeth, and twenty 
or twenty-four cutters in the bloak, 'will make 180,000 cuts 
per minute, which is so rapid, as to produce a coarse.musical 
note or humming, which may be beard at a ^eat distance from 
the mill. Ihis^reat number of cuts will account for an 
engine being able, in the course of four or five hours’ working, 
to reduce a quantity of rags to those exceedingly minute 
laments, of which paper is composed.- > - 

Mr. John Dickenson took out a patent in 1809, for certain 
improvements on his former patent machinery for cutting and 
planii^ paper, as also for certain machinery for the manu- 
facture or paper by a new method. His description of it is 
as^oWs: 

The first part of the inVentioS’, consisting in certain improvements in the 

S atent machinery for ciftting and 'planing paper, is described in the annexed 
rawings ; wherein fig. 376 represents a sectional elevation, fig. 377 a 
plan, and fig. 378 a transverse section. Every part in the elevation, fig. 376, 
18 on a line with the same part in the plan, fig. 377, and the same parts are 
represented by the same letters in all the three figure^; n is a reel, covered 
with paper ; b a swinging roller, to draw the end of the paper a little back 
after it nas been cut ; V a bar, having a groove in its upper surfig;e>.m^. 
which the circular cutter d mtm. The bar c is movable up to a certain 
height, and connected with two arma^ a «r, by means of which it may be 
idoved downwards ; the springs e e will elevate it again when the pressure 
is removed from the arms W4^j a sliding frame, having a pair of 
tongs attadied to the front of it, ,afld marked g. The board on which the 
paper is laid is marked hg and ou the side next the tongs is furnished 
wiUi thin teeth, it. The frame whidi carries the tongs, slides in grooves 
in Ae frame, of the machine, and is moved backwards and forwards by the 
rodj, whitii fta drawing the tongs from the reel of paper closes them ; and' 
in forcifig-^iia bade affatn towards the reel of paper, opens them. On 
each si^ of the frame jf is fixed a small roller, which act upon the arms sr jr, 
so tW the frame in being forced towards the reel of paper presses the arms 
down, and eonsequently moves'the bar c doWn out of the war of the ton^ 
which at that penod areepen. The end of the paper is at that time lying 
fven.witb the ditKmity of the .teeth H and the jaws of the tongs cloeuig 
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iiiiiiMfdiatif^:tlwl thirfbidf J ft put" in ^n^loii to draw the ftnune becV 
thepaper in ovety^ inhnni^ between the teeth, and dtaer it along with dMhh 
When they have earned it out the length that the sheer of paper is wanted^ 
the bar c hayiiig been .raised up to its place by the springs ee, the drculalr 
cutter is thrown across, andhs the edge descends into the grooTe about thd 
sixteendi part >of aa> im^ the paper mich is lying dpon it is'cut' through, 
and the ends fidi down die heap below the tongs; being then forced 
back, and at the same time opened by the rody, the other end of the sheet 
is released, also the swinging roller b then fhlls down upon the board 
and draws back the end of the paper eren with the hne formed by the end 
of the teeth r, ready for being seized Sgain ly the tongs. The rods by 
which the frame carrying the tongs b tnoved backward and forwards, has 
a hook ky which' can be fixed at any pairtr of the rod by a screw ; and the 
clinck being furnished with pins in m, at two Opposite points on its surface, 
these catch the hooks, and oraw the rod, and consequently the frame, with 
tlie tongs outwards. When the clinck has made half a revolution the hook 
is stopped by the bar it, and the rod and frame remain stationary while 
the paper is cut. When the pin has got clear of the ho<dc, the rod and 
frame are immediately drawn back by a weight acting over a pulley, wliich 
is connected with the rod by the obrd o. The circular knife is fixed in a 
sort of wagghn, having four rollers ppyhy means of whjph if runs albng the 
beams q The knife is kept moving at the rate of about five hundred turns 
per minute, by means of a nand passing round the small rigger r, and the . 
pulleys 9 ff, w hich is kept in motion by any convenient power. The waggon 
may be thrown across at the proper period by the following method, or any 
other more convenient. A cord is attached fo the waggon, acting over a 
pulley with a weight at the end, sufficient to draw it across one way with 
a quick motion : mr drawing it across the other way a cord is attached to 
the waggon, which is carried over a pulby, and fastened to the weight A, 
in fig. 379, which is much heavier than the weight before mentioned. The 
endless band B passes round the rigger D, which is kept in constant 
uniform motion, according to the rate at which the paper is cut. The band 
also passes round the rigger C, which has a click that stops it going round ; 
consequently as the’ rigger goes on, it keeps winding up the weight A, and 
the spare band is engrossed by the smaller weight E, so that when the click 
that confines the rigger D is removed, the weight A descends and dfaws it 
round a complete revolution, when it is again caught by the click, at the 
same time the weight A draws the waggon across, and it is caught on that 
side the frame and confined by a click ; when the next sheet is to be cut the 
waggon is released, and the weight attached to it on the other side draws it 
across again, the heavier weight A being by that time drawn up high enough 
to allow of its going all across; the two clicks may be contrived according 
to any common well-known mechanical method, and the motion that 
releases them can be communicated with the most advantage from the 
click e ; the pins m m can be fixed in holes ^ f, at a grater or less distance 
from the centre, according to the size the paper is intended to be cut, and 
the hook on the rod j nlust bb'shifred 'accordingly. A' regular motion may 
be given to the click by any convenient power, and at such a rate as it is 
required to cut the paper. , . 

The remainder of the drawings is for the purpose of explaining^ thO 
remaining part of the invention, consisting of certain machines or machinery 
for the manufacture of paper; l>y a new method. For thiif purpote,'a^ 
cylinder is constructed so as to pospess the following requisites r in th^ 
place it must be hollow and open^t the ends; secondly, the surfiicebfthe* 
periphery iqust be like a sieves widi sj^rtures communicatiDg wiiK' the* 

2b2 
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internal p«rl lug^ enough to permit die passage ofimlerj bat odieokted to 
iBtercept fibres of reg ; thirdly, it must be so contrived that the surface will 
not yield frogi its pei&tly cylindrical form, notwithstanding a very consider- 
able degree of pressure upon it ; fourthly, it must be furnished with broad 
flat rings for the purpose of covering part of its sur^e ; at the ends there 
may be several pairs of these rings of different widths, in order to vary the 
proportion of the surface which is left uncovered, provided the same 
cylinder is extended for making different sized papers ; fifthly, it must be 
hung upon an axis in a horizontal position, and firmly fixed in bearings, so 
that it may be turned by any convenient power ; sixthly, the numerous 
small apertures on the external sur&ce must open into a less number of 
large ones, communicating with the internal surface, with 'solid interstices 
between them; seventhly, it ought not to be made of wood because it 
would be liable to warp, nor of iron because it would nist, and injure the 
paper ; brass or any other strong metal would be found most convenient. 
To construct a cylinder possessing the requisites above-mentioned, of 
which the dimensions must be according to the size and thickness of the 
paper it is intended for making, the patentee takes a brass cylinder, perfectly 
smooth inside and outside, excepting a small portion at each end which is 
left plain, and turns the outside so as to rtoemble a screw, the threads of 
which are about a quarter of an inch apart, and the twenty-fifth part of an 
inch in depth, with a round edge. He then drills holes between the threads, 
which are cut in a taper form, the diameter at top being the width of the 
interval between the threads, and at the bottom reduced to one half that 
size; the space on the outer surface of the cylinder, left between these 
holes on each side, is equal ti< the breadth of the thread ; notches are cut in . 
the threads for the purpose of letting in cross wires, the diameter of which is 
equal to that of the threads, so that when they are laid into the notches and 
soldered, or otherwise fastened down, the surfooe of the cylinder will resem- 
ble network, with openings of ai> oblong shape, and having the surfiices 
of ^1 the interstices plane with eudi other^ and wound to an equal curve. 
It is then covered with an endlm web of woven wire, which is drawn tight 
over it. The ends of the cylinder are cut down, or rabbeted, so that a ring 
may be made to slide on each end ; and the ends of the wire are fastened to 
this ring by means of small plates,, which are put over the wire, and screwed 
^wn upon the rings by means of screws which pass through the wire, 
^ese rings are also furnished with other screws for the purpose of extend- 
ing them out from the cvlinder, and the wire being fastened to them, it is 
by that means stretched and drawn tight down upon the surfoce of the 
cylinder. 

In the annexed drawing,, fig. 380, a to 3 represents a transverse section 
of a segment of the cylinder C G C being the holes ; ddrf, the cross wire ; 
eeee, the thread, of the screw, which m sh^ed. 

Tig. .381 is a plan of a.poriion of the external surface of the cylinder, 
wi^in ^ to S shows it without the cross wires, or the external wove 
wire; C CC are the holes, eee the thread of the screw with the notches 
cut, «.« q,. for the reception p£ the <*os8 wufos ; B to C shows it with Ae 
cros^ n^irea let in, dddi which aire soldered or, otherwise fastened at their 
ends into the ends of the cylinder. C to D shows it wifti the woven \rire 
Im ovqr ife through which the surface of tbe cylinder is seen underneath«! 

382 is. a ecprion of a part of the cylinder at one where the boles 
aje Djf^ke^ the cross wires ddtL the threads « the external vtoire 
IS represjwttted by a, red line, it iq cacried under the plates g*, and 
by of a number of aoresrsi A, down upon the ring f, which 
d| and.afear it is fined in that himnner at tacli bud* of the eyiMer, 
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Aei^f be esktend^ftonk tlie cylinder by means of Cielavgsr aemta 
<R/and the wm thefeb;^ strained dom tight upon the surf^ of the cylinder; 
ditejpMtdf the mechanunn is also represented in the plcm» fig. 381| ^rhere the 
different parte are marked in the same manner, except that the woven wire 
IsdrtMi inbla^. 

Fig. 383 is £ repreientation of a connected web of laid ^vire, which may 
be laid over the cylinder exactly in the same manner as the wove wire, 
observing diat the laid wires should be pa^dld with the axis,^and the 
tying wires ee e at right angles with it, observing that the laid wires must 
be very fine^laced very near together, and drawn as tight as possible at 
the ends. The reason of laying %e cross Wires ddd diagonally, is prin- 
cipally in order that they may not be parallel with the laid wires, in which 
cctee they wobld impede the passage of the water ; for this reason they ought 
to lay at an angle as near 45 degrees as may be convenient ; bur if the 
cylinder is intended only for the manufacture of wove papers, the cross 
wires may be parallel with the axis, the hdles ranged in .rows also parallel 
with the axis, and the threads of the screw converted into small beads. 
There are other modes of constructihg a cylinder possessing the necessary 
requisites, but the patentee thought it expedient only to describe tliat 
which he considers easiest of construction, most durable, and most effica- 
cious in use. He also proposes connecting the rings mentioned as the 
fourth requisite, as being necessary for covering part of the surface of the 
cylinder, completed as above at the ends with arms, so as to form caps that 
may be fixed on to the ei^d of the cylinder, and each being furnish^ with 
an axis, it can then be fixra in bearings for the purpose of being tUi'nad by 
any convenient power. 

Fig. 384 is an outline section, reprqMnting it in that situation, with a vessel 
fixed against it, which is called aback ; the sides or cheeks of which are curved, 
fo as to correspond with the rings or surface of the caps ; and the bottom, 
at the point v, is ,made to close in upon the surface of the cylinder, so that 
the vessel on all sides fits the cylinder in such manner, that, if fixed against 
it, and filled with any fluid, the fluid would have no means whatever of 
escaping, except by running through the surface of the cylinder, and out at 
the ends : the exact shape of this vessel is not material. He next takes a 
triangular trou^, or receiver, closed up at the ends, and made so that the 
t.pper edges fit the inside of the cylinder, and of such a depth that the 
bottom may be about level with the centre of die cylinder, so that this 
I eing fixed, and the cylinder turned round, every part of the upper edge 
may rub against the inside of the cylinder, which we have before said must 
be perfectly smooth. In fig. 380 a section is shown of this trough, which has 
an orifice at one end, at the bottom, marked m. It may be observed, that 
at the points nn it comes in contact with the internal sur&ce of the 
cylinder. 

Fig. 385 is an outline vertical section, wherein the trough Js rjyiresanted 
fixed in the inside of the cylinder, and coloured blue, with the orince m and 
pipe communicating igith ijt n. It is to be observed, that this trough is 
nrmly fixed by means of a plummer block o o, which has the top coupling 
screed down fast, and the trough is supported at tlie other end by means 
of a cylindrical pin, which works in a hole in the cap a. The other cap 
instead of an axis, has a hole in the middle, fitted to the outside of the 
pipe n, so that it forms a bearinu for that side of the cylinder. The «xis 
of the cap a, at the other end of me cylinder, is supported in a bearing, 
and has utMifn it a cog-wheel p$ hy means of which motion may be corn- 
mmiicated to the cylinder, and as it tu^is round it rubs against the *u]mer 
edge of trough, whiim will remain fixed, and receive any fluid that 
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passes through tiie upper part of the surface tha cylinderj jmd/^prijf it 
oft throuff^h the oriAce m in the same section. The cylinder is ccdoured 
yellow^ the caps red, and the parts which answers to the. nogs are shaded. 
Fig. 386 is a front view of one of the caps. ' . . ' 

Fig. 387 is a sectional elevation of the pachihery, in a sUte of prepaia* 
lion for the manufacture of paper. ^ 

Fig. 388 is a plan of the same. Each part in the devaiion, fig. 387, is 
on a line with the same part in the plan, fig. 388 ; and ever^ part is marked 
with the same letter in both. A is a circular stuff-chest; into which the 
stuff is admitted from the engine. B is an agitator, consisting of a niunber 
of arms, connected with the snindle C, which passes up through a tObe D, 
in the centre of the chest, and this being turned by the bevelled cog-wheel E, 
keeps t^ stuff in motion in the .chest, and also, by means of the two 
rtegers F F, gives motion to anothet smaU agitator, in the smaller vessel G, 
which is for the purpose of receiving the stuff from ihc first chest, and it is 
conveyed through the pipe II, the aperture of which is enlarged pr contracted 
by means of a conical valve, which is acted upon by some apparatus r,~on 
the principle of a ball-cock, so that as the vessel fills with stuff it gradually 
closes the orifice ; by this means tlie stuff in the smaller vessel O may be 
kept at a uniform height, and the head beifig uniformly the. same, the 
discharge through the pipe J at the bottom will be always, equal.' The 
large chest A may be of any shape or dimensions, and agitated in any 
<^nvenient inauner ; the sm^ler chest G ought to be circular, and aliout 


18 inches diameter, and the same depth. The use of it is to cause an 
uniform discharge, which would not take place k^e stuff were to pass from 
the large chest withoutany intermediate vessel, because its passage through 
the pipe would be more or less rapid, according to the height of the head, 
which would be continually varyinglfe proportion to the consumption or 
aecumulation of stuff. In the pipe J there is a cock K, by means of which 
the quantity of stuff that is permitted to pass may be regulated with the 
gpreatest degree of nicety ; and when it is once ascertained what proportion 
of stuff is required, no variation in the supply can take place. Tne best 
sort of cock or valve for the purpose will be such a one as leaves an open-^ 
ing for the stufl', which is nearly round or square, because if it were narrow 
the stuff might lodge. The pipe J descends into the pipe K, through which 
there is a constant and rapid now of water, and it carries away the supply 
of pulp from the pipe J, and they pass together into the vessel L, in which 
there are two agitators M M, kept In pretty quick motion by means of the 
riggers N N. In this vessel and in die pipe K the .water and stuff become 
intimately mixed, and formed intopuTp, ofa proper consistency for working; 
but it is to be observed, that in making paper by this methpd .about four 
times as much water should be introduced into the pulp as is made Use of 
in the ordinary modes of paper-making. ^ From the vessel L the pulp flows 
through the pipes O O into the vessel P, which has been before described 
in fig; 384, and called a back. . Q Q are waste pipes, for adjusting- the height 
of the head, or, in other words, the level of the pul^^' In the back B is the 
hollow cylinder, described in figs. 380, 381, 382, 363, 384, aiid 385^ i^d 
the cylinder being in motion in the direction described in the drmgmg^ 
the water is constantly flowing through the surfkce of it from the point S 
to the point T, that is to say, through every part which is covered by the 
pulp, and, 'OS the water passes through, the fibres of rag left on ther 
surmoe, so .that they are generally accumulating on any given part of the 
'SUifiice of the cylinder during the whole of its passage fVom the point S to 
the point T : and" when it emerges from the pulp at the point T, the 
quantity .requisite for the composition of a sheet of paper is ^collectedA 
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wnA this takef plae# ki oidleM niooesaiaii as Ipng at tlit motiim k 
eontmiied, and an nmSom tupply of polp it kept up. It kas tMe& befim 
tiattdy that when the. auifaee of ^ cylinder emerges the pulp 
at die point T, the ouantity of fibre requisite finr dm eomposition of n 
sheet of paper it cdlected; but at that period so mneb water is oon<» 
tained among them, that it is necessary to drain off the grmiier part of it 
before it admit oi any sort of pressure usually trade use of fe squeesing 

out the water, and lor compressing the ^res of ra|p together, for die nuipose 
of makinff them c<^re, and therdiy gfifing tenacity to the paper. Foa this 
purpose the trough V, the construction of which is more fully explained in 
figs. 380 and 385, is fbed in the inside of the cylinder^ and made to fit tight 
all round its upper edge. It has a communication with the pipe W, as is 
represented in fig. 385^ where the pipe k pointed out by the letter n / and 
this pipe is connected with a pair of douhle^giting pumps X X, placed in a 
cistern of water, so that when those pumps are put in motion, the air con- 
tained in the triangular space, enclose between die trough and the cylinder, 
is immediately drawn out, and consemiently the pressure of the atmosphere 
takes place i^n the surface of the cylinder, whicn is covefed with pulp, in 
the state before described, and thereby rendered neprly impervious to die 
air. The imniediate eff^t produced is the squeezing out the .wa^er, and 
laying the pulp down in a compact state on the surface of the .cylinder, so 
that the paper cannot be disturbed at the point Z, by the pressure of the 
solid roller u. This part of the process 1 cul the pfietfmafic pressure. The 
periphery of the roller a moves it exactly the same rate as the pemhery of 
the cylinder B, and in the direction described in the drawing. The roller 
a is made to fit in exactly betwen the insjdeA>f the caps, descrim in fig. 385, 
so that it shall only press upon the covering the surface of the pervious 
^linder. The surfisce of die roller A should be smooib, and the paper will 
adhere to it instead of the pervious cylinder Bv .eud be led round by it to 
undergo a second pressure between toe roller a and the roller 5, yrl^kh 
latter has a pervious surface, consequently the paper will be produced 
sufficiently dry for leading off to the cutting. It is well known by paper- 
makers, that, independent of the miality of the materials, the strength, 
smpot^ess, and hrauty of papers depend upon the arrangement of the 
fibres of rag of which it is composed; that in a well-made sheet of paper 
the fibres are ranged in a horizontal and parallel direction, and a manu- 
kfCtuzer describina such a sheet of paper, would say that the stuff was well 
shut, which quality all paper must possras in a greater or less degree, 
because otherwise the park of the sheet will scarcely cohere together, the 
surfiice will be rough, the thickness uneven, and the paper devoid of 
beauty, and not adapt^ finr use. In the modes of paper-making exercised 
Utherto, this indispensable olyect has been acoomplwhcd, by waking the 
mould or wise on which the pmp is settling, so that, hs the water tups off, 
the fibres are laid fiat upon the surface of the mould, and arranged in a 
parallel direction ; but in making paper by the machinery above described, 
the stuff is perfectly weU idint, without .any j^aking, the fibres of rag being 
deposited gradually, in a longitudinal direction, by means of the friction 
which takes place upon die cylinder, in consequence of its motion being in 
an opposite direction to that of the stream of pulp, the effect of which is to 
smootn down the fibres of rag as they are laia upon the cylinder, and it is 
necessarily continued during ^e whole time of the formation of the raper, 
and must be uniform throu^out every part of it. The reason of introduqpg 
so large a quantity of water into tfie polp, is in order that evciy fib)fe nchf 
be afloat separately, and at liberty to take a direction according to tbf 
influence of these courses. 
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It^sfo^ie the'ptMdple here developed wAnldadiAit ofx>thef; 

lese eff^n^ xhodiiicatiofis, sfucn hs confinieg a iMy of the pulp on the 
siirfitie 4f an iAikdleee vrell ^woTen yrir^, carried round cytinders, oa in tha 
ofitHne eectidh^ «g. W9, or supporting it on a cylinder of a large airei as p 
the outline sccition, ftg. 390, without applying the pneumatic pressure in' 
eithet* case. 

5 n ftg. 389'the cylinder ad e should be hollow, and have pervio^ surfaces, 
n fig. 390 the cylinder might be of a more simple construction than that 
described in figs. 880, 38t, 382, 384, and 385, but unless of a very laige 
size indeed, it could only be mkde use of for minting very thin papers, 
cause the water requires so long time to run off before the paper will admit 
of any mechanical pressure. 

It is to be observed, that in malung pap«r by this method, after a certain 
Quantity of fibres of rag are deposited on the surfime of the cylinder, it ren- 
Icrs the passage of the water and the accumulation of more fibres so diffi- 
cult, that without a considerable height of pulp the pressure will not be 
sufficient to force the water thxough the cylinder,' and the fibres of rag laying 
upon it, the consequence of which would be, that the fibres of rag accumu- 
lated oil the surface of the cylinder would be washed off by the pulp, or very 
much disturbed before they arrived at the point T, y^hich is the level of t^ 
pulp in the back ; to obviate this, it will be necessary to add the pressure of 
the atmosphere to the weight of the water in making thick papers, which 
may be done by extending one side of the trough V below the level of the 
pulp, so as to cause a suction under that part of the cylinder which is 
covered by the pulp, as well as under that part which has emerged from it. 
For this purpose a wider trough would be necessary ; but at all events the* 
exact proportion of the cylinder, covered by the trough, is not material, b^ 
cause It will be found by experience what width is sufficient for drying the 
paper, so as to enable it to have the pressure of the roller a. The roller a* 
ought to press on the cylinder R about the point which is ovei one side of 
the trough V, and, according as the trough is shifted, the roller should be 
shifted also ; but this pressure ought to be not less than forty-five degrees 
above the level of the axis, because, otherwise, part of the water pressed 
put of the paper will be absorbed by it again, whereas, from the position it 
acts in, in the drawing, fig. 387, the water will be sucked into tne trough. 
The roller a should not be fixed in bearings, but confined down uppn the 
cylinder by weights, suspended upon each end of the axis, which may be 
adjusted according to circumstances, and in all cases the principal pressure 
should be upon the roller 6. The water which runs dirough the cylinder in 
figs.* 387 and 388, and out at the end, falls in the first instance into the cis^ 
tern C, from whence it passes through the pipe d into the cistern e, and 
from thence is, by means of a pair of double-acting pumps,//, forced through 
the pipe K into the vessel L, so that it continually returns for the same purpose 
of conducting the pulp to the cylinder from the pipe J. The pipe G & a sort 
of gauge, by means of which, after the pulp rises to a proper height in the 
vessel L, the remainder of the water is carried off into the cistern C, where 
there may be a waste pipe for conveying off the superfluous quantity. The 
water drawn from the cylinder R, through the trough V, by means of the 
air and water pumps X X, may run to waste. The size of the cylinder R, 
and of the trough V, must be regulated according to the substance and di- 
mensions of the paper it is intended for making. Fifteen inches will be 
sufficient for the diameter of a cylinder intended for making paper equal iq 
substance to a paper twenty-two inches by seventeen inches and a half, 
weighin'.^ twenty pounds per ream ; Ihe length of the cylinder is entirely 
arbitrary. The thickness of the paper made by a cylinder majr be adjusM 
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in various ways : firsts by usS^ cylindats of various diaaoteia; soeoa^, by 
accelerating or retard^ teinotioiioC^lMrcylNiders thiidly, byvatyingthe 
proportion of the mrmce of the cylinder, ^icK is cohered witlb pulp; 
fi^uithlyf by v^ing tiM coniistefiey of the pulp. Ibe per^eiy of thecylui- 
d^r ou^t toiBovb at the rate of ibput tluity-M ftet per lulnute ; the 
ought at all events to be very thin, and therefore the most ttigible mode 
of adjusting ' th6' tfafckaess of ake would be by varying the pro* 

portion of we surfoce of the cylinder, wnich is covered with ptup ; conse- 
quently for thickerpapers a hiraer t^Under would’ be necessary, or a back 
maybe made use or, extradingmghW up towards^ point Z,' so as to cover 
a larger proportion of the surfoce of the same cylinder ; and ior thinner pa- 
per a back might be mdde use of covering less of the cylinder, aa in fig. 3^, 
by means ofthe cock in pipe J. The quantity of pulp suppli^ to the^cylinr 
der can be adjusted with the greatest accurai^, consequentiy the thickness 
of the paper may be preserved uniform, or van^ at discretion, provided the 
thickness of the pulp in the chest A, and the motion of .the cylinder R be 
continued' uniform; By means of the gauge pipes Q ike level of the pulp in 
the back’ P can be varied till the most etigible point for the cylinder to emerge 
from the pulp is ascertained, and the supply of water through the pipe ,% 
mq||be adjusted accordingly. It may be laid down as a general rule, that 
the micker the paper the higher should be the level of the pulp in the back. 
In order to close the trou^ V tight upon the cylinder K, the patentee pro- 
poses packing it all rouna the top, where it comes in contact withinside of 
the cylinder, as at the points nn, in the section fig. 380. 

Ibe mode of packing is so well known, that it is unnecessa^ to give any 
descrmtion, except the representation in the drawing. This friction of the 
oack P upon the cylinder may be taken off by strips of woollen cloth or 
leather, particularly at the line across from the point S. 

Figs. 391 and 392 are for the purpose of explaining a more simple mode 
of construction. A is a hollow cylinder, with a pervious surface, wnich may 
be used in cases when the pneumatic pressure is not applied ; aa a is the 
thread of a screw; did represent cross-bars, carried across the internal 
surface, parallel with the axis. The best mode of constructing it will be to 
cast a cylinder with the bars in the inside, and to cut the iTcrew deep enough 
to form an opening between every bar. It should be furnished with cross 
wires, e cc, and covered with wove wire, in the same way as the cylinder 
R. It might be made on a larger or sm^ler scale, according to the purpose 
for which it is required. The roller 6, in figs. 387 and 388, may be made 
in this manner, but stronger, as a great degree of pressure is intended to 
^ake place upon it. 

When the machinery is to work, the agitator and pumps should be set in 
motion , first by turqing the shaft K, ana then the cylinder R, by means of 
the cog-wheel P, wldch gives motion to the rollers a and by cog-wheels a 
and r. The mode of giving motion, and the situation of the pumps mid 
atufi^hest, may be arranged according to conveniknce, but the motion 
ought to be perfisctly regufitf . 
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COTTON MANUFACTURE. 

Cotton is a fibrous vegetable substance^ tbe ^tt)duce of a 
small tree called the gossypium, or cotton plants wbicb^grawif 
naturally, and is much cultivated, in the tropicid regions o# 
Asia, Africa, and America. 

The cotton, when collected from the^pod, contains the seed, 
an4 pieces of the husk by which it was enveloped is attafched 
to it ; it has therefore, preparatory to being^ subjected to the 
operation of spinning, to undergo a proce^ that will divest it 
of these superfluous p^rts. The ancient mode of effecting 
this was by what is termed bowing it ; that is, exposing it to 
the action of a bow, about four feet long, such as is used at 
the present day by hatters. The process consisted merely in 
placing the cotton upon a square table with horizontal chinks 
cut through it, and submitting it to the repeated action oCi|he 
bow until the dust, seeds, and superfluous parts had separated 
and fallen through the chinks. This inconvenient and desul- 
tory mode has in modern times been superseded by a far more 
effectual and expeditious one, by the application of a machine 
called a gin. Gins are of two kinds, the one called the roller- 
gin ; lAe other the saw-gin. 

The rolhr-gin is represented in fig. 399. It consists of two shallow fluted 
rollers a and placed so near to each other, that when the cotton is thrust 
against the line where they enter into contact, they immediately seize hold of 
It and draw it in between them, while the seeds and other particles, not 
being able to pass through, fall into the box K, and are, by the slanting di- 
rection of Its bottom, delivered op one side. The motion is communicated 
by means of the treadle and crank C D, and is equalized by the fly-wheel 
£. The cotton is presented to the rollers over the board f g, and is drawn 
between them, anddelirered atl 11. In South Amprick this kind of ffin 
IS much used, and a negro working with one of diem can clean from 30 lf>s. 
to 40 lbs. weight of cotton per day, which, however, is considered heavy 
work. 

Tlie Mw-^gin is given in section in flg. 400. The cotton is thrown into the 
receptacle A B, on that side marked C D, which is formed of strong wires 

f lacra parallel to each other, to admit the drcfdar srW 3 ^ fixed on toe axis 
, behind tlie grating, about an eighth of an inch apart, to pass between 
tliem* By this means, the teeth of the saws seize hold of the cotton and draw 
It thrpugh the bars; and the seeds and other superfluous parts, being too 
bulky to pass through, remain behind, and eventually fall inrou^ die aper- 
ture G. Tlie cotton is brushed from the saws by a circular brush H, made 
to revolve rapidly on its axis. The motion is communicated by manual or 
any other power applied to the axis F, upon one end of which is the wheel 
K, acting tn the pinion M, fixed to one end of the axis Of the brush. 

The application of the power of horses to either the roller, 
or saw-gin, would greatly aid the process, which* as we be- 
fore have stated, is coi^sidered heavy work for tlie negroes. 
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and on that account i^nch avoUed. An <d>jectionluiji been 
^ atarted to the appljiag of this power, under « supposition, 
^ that the Aiwa) % changing hM> speed would bjure the cotton; 
it ie almost Bvpetflnous to. ^d that many simple contrivances 
m|^ he a^pted to equfdi^ the motion, ana prevent these 
dreaded effects. 

When the cotton has un^ermne either., of these processes, 
it is naicked, and exported to ue European markets. 

When it arrives in this country, it is agun submitted to the 
action of machinery for the farther separation of the extra- 
neous matter, unless it is to be sptin into coarse yam, when 
the preceding process is considered suiBcient. 

The first machine that we shall describe as used in this countrv for the fur- 
ther clearing of the particles is called a fMer^ and is represented in fig. 393. 
A and B are two rollers, having an endless-cloth, C D, stretched over them. 
This cloth is called the feeding-cloth, and its upper surface is, by the revolu- 
tion of the rollers, always carried towards D. £ and F are two &ited rollers^ 
which nearly tou^ each other, and revolve, so that their touching sur&oes 
pass towards G H. G U I K are cylinders, covered on their outer surfaces 
with long blunt pins, making about 250 revolutions, in the direction of the 
letters, per minute. L L is a grating of wires fi>r the seeds to fall through, 
when the cotton carried by the feeding-cloth is delivered by the small rollers 
upon the face of G H. the rapid revolution of G H, the cotton is thrown 
against the top O P, and is carried forward and delivered upon the cyliiider 
1 K, which in like manner carries it rapidly round, draws it over the grating, 
and delivers it back upon the lower face of G H, which after having drawn 
it over the remainder of the grating, and divested it of the remainder of the 
seeds and particles of dust, deposits it in the box R R. 

This machine is liable to injure 4he staple of the cotton, and Is therefore 
superseded by another called a hatter y represented in fig. 401, In this ma- 
chine, the feeding-cloth upon the rollers A and B carries forward the cotton 
to the rollers e and d|hrbich deliver it upon the qurved rack or grating d e, 
while a scotcher, g 5, revolving rapidly upon its mcis, strikes the cotton with 
its two edges g and 5, and divides it ; at the same time a draiwht of air, 
created by the revolution of the fon I; blows the cotton forward over the 
grating K K, divests it of the superfluous parts, and ultimately deposits 
it in a box at the end. 

The cotton is now considered in a state fit for the operation 
of spinning; which is differently performed according to the 
purposes to which the yam is to be ajmlied* The different 
sorts of spinning may be classed under the respective heads of 
J^uny, mule^and water 8[unning, 

Mule^spinningj which is by mr the most perfect processji 
and 1^ which the finest yam is produced, shall first have our 
attention. 

In this process, when the finest yam is to be produced, the 
cotton, instead of being submitted to the operation of either 
of the machines before described, is cleansed entirely by the 
band. The mode of effecting ibis by spreading the coltoi; 
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Upon a atMfigiietting of coi^ Btaroteiiad^aafhuiie) and beat- 
ing it MnMi osier wands till direeted of its iaqpurxties. It then 
undergoes the elementaiy opejfatioiis of carding^ drawings 
stretching and plyingf and twisting ^ the uHhole of whiclii are 
essential tn the maiiu^ture of miuc yam. Il 

Carding is performed by two kinds of engmes^ one of which^ 
called the breaker^ operates upon At cotton preparatory to its 
being submitted to tiie operaUon of the other^ called the 
IMsner. 

A card ii a kind of hwh^ teined by makkig wires into the form of 
stajdes, as represented in Sg. SOdT The two 1^ of the staples are placed 
through holes in a flexible piece of leather^ and present to the side view a 
form similar to that shown in the figure^ where A B is the leather^ and C D 
tl» wires forced through it Cards are formed in two ways ; the one called 
aheet-cardj is made aTOol four indfos wide^ and 18 inches long, or of a 
Jength corresponding with the width of the main cylinder, which they have 
to cover ; the other, called fiUet-caicdi is made in one continuous band or 
flUet,and is used for covering the dofler cylinder. The teeth of the fillet-card 
are placed pointing in the dmsction of the length of the fillet, and completely 
cover the cylinder to which they are applied ; whereas in sheet-cards a space 
is left between every sheet, as may be seen on the main cylinder, fig. 395. 

Fig. 395 reprteents a sectional vkw of the immediate working parts of a 
boeaker carding-engine. A is the main cylinder, covered with sheet-cards ; 
B the doffisr cylinder, covered writh Meteard; CCCare the tops; is the 
foefling-cloth supplied with cotton^ which has been previously weighed, 
moving forward over the roller, f, by means of the roller g, and delivering 
the cotton between the feeding-rollers H H, which carry it to the main cy- 
linder, The main cylinder revolves rapidly in the direction of the dart, and 
carries the cotton upward betw*' n it««;if and the tops, which are covered 
with sheet-can^ about If incites to 2 inches wide, so that they may, as 
nearly as ooisible, follow the curve of the main cylinder. 1 is the lappingu 
^iinder, having a wooden roll P, laying upon its ^per surfoce ; and & 
is the dofler or taker-of|^ha>mg affixed to it the dpri comb called the 
doffing-plate. 

The doffing-plate may be seeh more at large in fig. 396, which represents 
a front view ot the doffirr ^linder on a larger setde. On inspecting this 
figure, it will be seen, that the doffing-plate L L, whose lower edge is 
formed like a comb, is fastened across the w^ole of the dofler cylinder, and 
is supported by the two uprights m m, fostened on two cranks on the shaft 
St s^ The upper parts of these uprighti, m m, are fastened to corresponding 
cranks at n n, so mat the doffing-plate, by the revolution of the shaft, is 
made to move downwards while in contact with the dofler cylinder, and up- 
wards while away from it. Ibe cotton is taken in by the feeding rollers, 
and is carried up by the main cylinder and passed between it and the tops 
or flats, whose teeth lie in an opposite direction to those of the mam 
cylinder, and by whose united action the cotton is combed, divided, and 
oieatised, and its 'fibres placed in a direction more parallel to each other. 

^he main cylinder, by its reyolving motion, is soon covered 
with cotton, and is divested of it by the doffer cylinder, which 
ig placed so as nearly to touch it, and which moves at a much 
slower speed, in the direction of the dart. The effect of this 
engtue would therefore be to disbibute the cotton equally over 
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tfaemain cylinder, the top cards, and the d<^Bsr cylinder; hot 
the doffing-plate, by the acUon i^touly described, is continually 
clearing doffer cylinder; whose poii^ are eonsecmentiy 
left bare to receive a fresh supply froth the main cymder. 
The doffing-plate continually strips the doffer cylinder of' the 
carded cotton, whidi it delivers upon the lapping cylinder in 
one continuous web of about 18 inches wide, smdi is the usual 
width of the engines for fine work. 

When the top cards are covered with cotton, an attendant 
is appointed to take them off and tb-divest them of the cotton 
by means of a card nailed on a boq[||)i,«which he carries in ius 
hand for that purpose. 

The quantity of work deliirered to the engine is ruled by the 
speed of the cylinders and quality of the cotton. When it has 
passed through the engine, and is wound upon the lapping 
cylinder, (which is so adjusted as to contain about 20 laps,) 
the attendant lifts up the roller V, makes a division in the 
circular web, and takes it off the roller. 

In this operation we are presented with the first act of ply- 
ing or doubling, which is introduced in tlie process of spin- 
ning in order to obtain equality in the strength and thickness 
of the yarn. 

The cotton is in this state called a lap, and is immediately taken to a 
finisher-engfine^ which^ in general, is disposed back to front, immediately after 
the breaker-engine, as may be seen in fig. 397. The construction of the 
finisher-engine is exactly similar to that of the breaker-engine, except that 
instead of having a lapping cyhnder, tne cotton, when it leaves the doffer, is 
drawn through a mouth-piece, R, formed like the end of a trumpet, by means 
of the rollers « and t, and is delivered into the can W. The rollers « and t 
may be seen in section in this figure, and in a front view in fig. 396. Pre* 
viously, however, to leaving this process, we shall make a few remarks, as 
it IS, with much propriety, considered the very foundation of all good 
spinning. 

The breaker-engine for spinning fine cotton is generally 
covered with cards of a fineness that will admit 225 teeth, or 
450 points, in a square inch ; and the finisher 275, or 550. 
But spinners are much divided on this subject, and in some 
mills the same work is performed with cards one-fifth coarser 
than it is in others. The top cards are in general one-tenth 
coarser, and those of the doifrr cylinder one-tenth finer, than 
those on the main cylinder : and in some manufactories, at the 
back part of the engines, where the cotton first arrives, coarser 
tep cards have been introduced, with a view of divesting tl» 
eotton of the largest particles of extraneous matter, and in 
some instaoces have been again laid aside as superfluous* 
Oirifai must he set easy in the leather, which should be thm 
and nbumff. The cs^engiiie is driven by a strap panting 
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from t itum over a ftat and loose oulley^ ftxM on tbe'ihaft 
of the main cylinder. The fast and loose pulley is represented 
in fig. 65 ; and its utility has been expMned in the hiftidc 
M|LI.-6BBR1*NG. . . r 

To return to the manu&cture, the cotton, which is now in the can from 
the card-engines, in the fhnn of a stirSr, is next sobmittSd to the pibc^i of 
drawing, represented in fie. 896. Ih this process three or lour card-ends 
are brought in tin cans, and passed between the rollers A E and C D, which 
revolve with different velociues ; that is, the rollers C and D revolve much 
quicker than A and B, and the tqp rollers A and C are made to press upon 
B and D by means of the weight e. Now, supposihg four slivers be placed 
together, and passed throng Wlollen A B and C D, and that C D revolve 
so much quicker than A B, t^ me sliver will become four times its original 
length, the cotton will, by such elongation, be reduced in thideness three- 
fourths) that is, to the same thickness oY a sii^Ie sliver when first brought to 
the rollers. By this process the fibres of the cotton are laid more parallel 
to each other, in the direction of the length of the sliver, and ’the operation 
is repeated, by plying the sliverswhichlmve passed the rollers, and passing 
them through a similar set. The sliver, when thus plied and reduced, is 
drawn through the mouth-piece G, by the rollers E and F, and delivered 
into another can. 

After the cotton has been plied and drawn as many times 
as the spinner, from the quality of the cotton, and the intended 
quality of the yam, considers necessary, it is carried to the 
roWng-frame. 

Tbe roving-frame, which is much used in mills where mule-spinnings is 
carried on, is represented in fig. 402, and is termed the can rovtngframe, 
A B, twp rollers, moving at a slower speed than CD; A and C are pressed 
upon the rollers B and D by the weight E, as may be seen in a front view, 
fig. 402, and section, fig. 403. The cans (fig. 402) are represented, the one 
shut, and the other open ; the latter opens by means of hinges, after raising 
the ringg*. The cans are capable of revolving upon their spindles A A, and 
are supported in an upright position by the collars t i, aud have at their 
upper extremities funnel-shaped pieces, A A. 

Jf two slivers of cotton are bi ought from the drawing-frame, and passed 
between the rollers A B and C D, the processes of plying and drawing will 
again take place ; and the rollers C D will feed the end thus formed into the 
can through the mouth-piece at A, which, by revolving rapidly upon its 
axis, will impart to the end, or sliver, a slight degree of twist. When the 
can is filled, the rollers are thrown out of geer, and tfie motion ceases ; the 
can is then opened, and the cotton, or as it is now called, the roving, is 
taken out and wound upon a bobbin, and in that state is carried to a macnine 
Called a stretcher. 

Some objections exist against this species of roving ; first, 
from the necessity of taking the roving out of the can for the 
puiposC'Of winding it upon a bobbin, during which it is liable 
to sustain much damage from the fibres being in a very slight 
state of adhesion ; and secondly, from the roving receiving its 
twist solely from the revolution of the can in which it rests, 
by which the twist is not equally diffused over the Whole 
length of the roving. The firfit objection was attempted to 
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be obviated^ by placing the can in a frame, and drawing the 
roving oat through the nioudi-piece at whi^ it entered ; and 
a remedy for the eecond was somewhat unsuccessfully at* 
tempted by Mr* Arkwright, who tried to introduce a pair of 
rollers upon the top of the roving*caii, to seize hold and feed 
the roving into the can as imt as it was received firom the 
drawing«raleni.i This, undoubtedly, would have perfectly 
equalized the twist throughout ; but the machinery necessary 
to produce the double rotatory motion was found to be incon* 
venieiit, and the plan was in consequence abandoned. 

A roving*iraitis of a diffefent coQStraol||o&, which obviates the preceding 
objections, and which, in consequence, has leoeived more ^neral adoption, 
is represented in hg. 404 ; it is called the bobbin and fiwr tomne-fiamB* 
The rollers for stretching are similar to those before described ; and the plied 
and drawn roving is represented as coming from the rollers at A, whence it 
passes through an eye at C, over the top of the spindle D, and down one of 
the legs of 'tne flier B B, which is for that purpose formed tubular. By the 
revolution of the spindle D, generated by a strap acting upon the pulley F, 
the fliers are carn^ swiftry round, and twist and deliver the thr^ upon 
the bobbin £, which is moved upwards upon the spindle by raising the 
board G G, i:^n which it rests, descending again as tne hoard descends. 

The roving is, by this means, slightly twisted and wound upon a bobbin, 
in a fit state to be immediately earned to the stretching-frame, -which, being 
very similar in its construction to the mule, we consider it necessary only to 
give a side view of one of the spindles of a mule, shown in fig. 405. A is 
the place where the bobbin from the roaing-frame (not shown in this figure) 
would have been situate ; and c e e are tmee pairs of rollers, revolving at 
difierent speeds, for the fiirther dravring of the roving. The roving, when it 
has been thus drawn, is brought to the spindle B, which is formed of 
polished steel, ground slightly tapering to the end, which is a round blunt 
point. The spindle receives its motion at the pulley D, by means of a band 
passing round a drum in the box £ £ £ ; which d^rum has bands passing 
in the mme manner to several ot^ier spindles. When the motion com- 
mences, the carriage £ £ E passes backwards to the position shown by the 
dotted lines, and carries with it the spindles to the position B^ ; during 
which the spindle revolves rapidly on its axis, and gives a certain d^ree of 
twist to the roving, which already has undergone a reduction in diameter 
by passing through the rollers C C C. The extent to which the frame re- 
cedes is about thi-ee vards, and when tlie spindles have given the requisite 
degree of twist to tbe yarn, it returns to its former place; while th^ at- 
tendant, by moving the bar H upon its axis, presses tne yam downwards, 
by means of a piece of wire K, which causes it to be wound upon the spin- 
dles, BO as to form a figure that may be representeef by two cones, cne 
having a more acute angle than the other, placed base to base, as shown at 
A, B, and B This form is termed a coji, and the act of so distributing * 
the yarn, by the movement of H K, the building of the cop. 

It may here be observed^ that although this is called th'e 
stretching-intme^ the yam is not stretched, but merely under- 
goes a further process of drawing and spinning, and that the 
s^r^hing is not performed till in the next o^eration^ which 
Is performed upon the mule, and termed spinmng. 
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The yam^ delivered from tiie etsetebiog^frenie fa thelNrm 
of a cop, is taken to the mule, which is, though much lighter, 
both in the form and action of the pa^, very simflarto Ike 
stretching-frame. Hie spindles also ace of a smaller fise, 
and are situated nearer to each other. 

The muU spinning^frame difihrs from that of the stretehing* 
frame insomuch as the act of stretchiiw is added to the other 
operations ; for when the frame E £ £ has receded a eertahi 
distance, geiieridly about one y^, the rollers C C C cease to 
move, and the frame stUl continuing to recede, stretches the 
yam. During this process, the spikes ou the fratne £ E £ 
move considerably quicker, in order to save time. The 
stretching is performed with a view to elongate and reduce 
those places in the yarn which have a greater diameter, and 
are less twisted than the other parts, so that the size and 
twist of the yarn may be more uniform throughout. When 
the cops are full, they are taken from the moving qiindles, 
and placed on stationary parts of other mules, as at A, and 
the yam is again submitted to the same process^ until it is 
reduced and spun to the proper fineness, both as respects the 
diameter and the twist ; during the whole of which process, 
the yarn can be continually joined, so that the cops, whidi 
are in separate pieces, can be added to each other in parts, or 
otherwise, as the continual elongation of the yarn in the 
course of the different operations of each mule may require. 
The pieces are joined by children, called piecers, who are hi 
attendance on each mule, to join any yam that maybe broken 
in the act of stretching or twisting. 

The dmms, which drive the spindles in those part^of the 
mule that recede, receive thmr motions from ban£ com- 
Inunicatiiig with the moving power ; but the advancement 
and recession of the carrileige, for the purposes of receiving 
and stretching the yam, as before described, is performed by 
means of a wheel moved by band-labour. A spinner is enabled 
by experience to judge of and regulate both these operations, 
as also the building of the cop, which is a matter of vei^ 
gpeat nicety ; for if the cop is not well built, the yarn wiU 
not rim off even when it is to be used. The number of spin- 
dles on a mule amount frequently to 300. The yam produced 
by mule-winning, being by far the most perfect, is employed 
iff the fobrication of the finest articles, such as )ace and 
hmery ; and when it is twisted in two, four, or six plies, is 
ns^4 m eewing-tiiread. 

^imny^^nniiig is of earlier date, and a much less*! 
process than mule^quiming; consequently it 
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MMd^ Mxcepfe in tiie manofiusture of yum far coarse goods. In 
tiiis Bpifalfaigy the cotton, after baring been cleansed by some 
of tiw otocesaea ^rea^ desoribed, is, preparatory to beii^ 
exposed to the action of the jenny, immersed in a solution u 
soap and water, to divest it of the glutinous matter generally 
faund on the smfaoe of tbiarand other vegetable fibres ; it is 
timn, after the soap and water has been pressed from it, put 
into a wanta stove, and when dry, is considerad to be iu a fit 
state to be exposed to the r^eration of the earding-engine. 

Hie carding-engine used in jenny^spinnihg is difibrent in 
its constmetion to the one before ^cru^ f far in mule and 
water spinning there is a breaker and a finisher engine ; but 
the engine used in this process is called the double^engine ; 
the first part, or breaker, is in the same frame with the second 
part, or finisher, and tiie doffar from the first part delivers the 
eotton upon the main cylinder of the second part, which, in 
like manner, delivers it upon the second doffi»r. The second 
d<^er, instead of being covered with fillet>cardB, as the dolFer 
of the single engines, is covered with sheet-cards, like the 
main cylinder, but being of smaller dimensions, has generally 
only twelve cards upon it ; therefore the web of cotton combed 
ftom snch doffier by the doffing-plate is not in one continuous 
piece, but in several pieces or portions, equal to. the quantity 
attached to each sheet-card upon the doffing-c^nder. « 

As the several small portions are delivered by the comb, 
they fiJl into the concave part of a smooth arc that is equal 
to one-third of a circle. In this arc a cylinder of smooth 
mahogany slowly revolves in sudi direction that the lower 
aur^e in the arc passes firom the engine. This cylinder has 
small cavities or flutes on its surfiwe, in a parallel direction 
to its axis ; the angles on the projections between the fluteb 
are ^en off, so that the sevoal portions of web which fidl 
firom the deffer into tiie arc are seized by the flutes, and car- 
ried forward on the concave face of the arc, and formed into 
a sHvmr, about half an inch in diameter, and of a length cor- 
respon^ng with the breadth of the caring-engines, which is 
ifaont firom 24 to 34 inches. The portions* thus rolled are 
caUed rows, rails, or rowans. 

In this state, the cotton may be considered in the same 
rdative state of progress as a card-end in mule or^ water 
spinning; but it is endent that this mode of spinning is very 
deficimit for the ptu^ioseB of flne ;^arn, insomuch as in the 
'rowans the fibres of the cotton are lud across the lonntudinal 
direction in whieh they are to be spun, so that the advant^ 
derived in the oths* process of cacoing, frmn the fibres bei^ 

2 e 



THB OPERATIVB MKCHANIC 


3B6 

placed in a direction paraiiel to the intended length of the 
yarn, is entirely lost, in this process^ also, the advantage oi 
plying, which we have noticed as taking place on the lapping 
cylinder, is omitted. 

When the rowans are perfected by the mahogany CTlindert 
they are taken up by children, and placed upon the mding*^ 
cloth of a machine called the bilfy, or roving-UUy^ the 
operation of which is called roving or slubbing $ but the latter 
expression is now but seldom used, except in the manufacture 
of woollen. This machine is in its construction and action 
veiy similar to the mule, a| is the feeding-cloth to that de- 
scribed in the machine called the picker and batter. 

The feeding-cloth lays in a slanting position, and the 
rowans are placed upon it so that they can pabs lengthwise 
in the direction of its action, and be deKvered over the upper 
roUer between two pieces of board which possess a capability 
of clasping and again relieving them. The rowans are then 
attached to revolving spindles, which have an advancing and 
receding motion similar to the mule or drawing-frame. By this 
revolution and recession the spindles perform the operation of 
spinning and stretching $ and at such intervals as the spindles 
are stretching and twisting, the feeding-cloth stops, and the 
clasps seize hold of the roving, and detain it till sufficiently 
spun and twisted, when it relieves it in order to allow a fur- 
ther portion of the rowan to be fed. The roving having by 
this n^eans received a certain degree of twist, is built on a 
spindle in the form of a cop, as in mule-spinning, and is then 
taken to the machine called the jenny. 

The operation of the Jenny is nearly the same as the roving- 
hilly ; the only materid difference is, that tlie cops of roving 
to be spun are fixed upon a moving carriage, which has 
clasps to hold the roving while in the act of being stretched 
and spun into yam. 

Having now concluded the process of jenny-spinning, it 
will be seen, that drawing and plying, the two essential requi- 
sites for producing fine yarn, by placing the fibres parallel to 
the length of the twist, are wanting, and that fine yarn, in 
consequence, cannot be produced $ but the fibres in this pro- 
cess being placed in a direction more across the len^ q£ the 
twisty give to the yam a rich fulness which renderait pnjfer- 
able for the weft of heavy goods, tar which it is esteemed- 
^ 0^ater-^spmning differs teth from the mule tod jenny spin- 
ning ; bnt the earning and drawing machines are &e same as 
those used in the pmeess iniile*^8piiiaing. When the cottop 
tei ^gded fibrou^lhe carding end machinee- 
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^urt&d lo the 8{iiiiDiog-frme, which is upoin a different prin- 
ciple to the mule^ and^ indeed^ is mpre closely allied to the 
bobbin and flier roving-frame. 

One of these roiadles is represented in filg. 406. A, the bobbin, brought 
ftom the royiag-rrame ; B C fuid £ guides for the yam to pass through ; 
0*0 G ^e pairs of rollers to perform the office of drawing ; and H a flier, 
formed solid, and having at the end of one arm a stnall twist like a cork- 
screw, through which the yam passes. By the revolution of the flier the 
yam receives the requisite deme of twist, and is wooiid upon the bobbin, 
which, by the movement of the 'seat 1 1, on which it rests, has an upward 
and downward motion, in order that the yarn maybe received upon it regu- 
larly. The guide C has a sloW reciprocating motion in the direction of the 
axes of the rollers O G G, by which the roving is moved over the surfoces 
of the rollers, so that the parts wear uniformly. 

In water tmst-spinnitig, the operation of stretching is not 
introduced. The motion is transmitted from the first mover 
to the drawing and roving frames by means of bevel-wheels, 
placed on the end of the frame. These wheels communicate 
motion to the rollers, which have spur-wheels upon their 
shafts, adapted to give motion to each other by intermediate ^ 
wheels, which give to the lower rollers motion in the proper 
direction. The spindles receive their motion from bands 
communicating with the drum K, represented by the dotted 
lines. This construction of a water spinning-frame is called a 
throstle, and the diil)&rence which characterises it from that 
properly called the water-frame is, that the cylinder K runs 
through the whole length of the frame, and gives. liiotion to 
all the spindles at once; whereas in the water-frame the 
spindles are moved by an upright pulley, communicating 
motion to only one set of six spindles, which is an advantage, 
as the motion of one set can be stopped without stopping 
motion of the whole. But as the water-framd is far more 
expensive than the other, it is a matter of doubt which ought 
to be preferred. 

The several sorts of yam have each their peculiar destina- 
tion. The yarn from mule and jenny spinning is taken from 
the frame in the form of a cop ; that from water-twist is 
wound upon a bobbin. The yam from water-frames possesses 
much regularity and strength, and is mostly used for the warps 
of heavy goods, such as fustians and strong calicoes. If the 
yam has to be packed for the market, it is reeled upon a frame 
cunsiating of six horizontal barb supported on an axis parallel 
to each other. 

This* Itoe is represented in sectios, in fig. 407’. A A A A A A the 
horizontal bars ; B uie axis ; and C the bobbin from the water-frame. The 
dotted lines repieseiit'tfie direotion of the twist. ^These reels are of a suffi- 
cient breadth to wind off about 50 cops, or bobbins, at the same time. 

2c2 
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When the reel has made 80 revolutaona>»vMiia]]r]l^l]^;|il|^ la 
connected with the machinery rings, and vams the at t en d a n t 
to stop the motion of the reel, lie portion tbu8.,wei»4 is 
called a lay, and seven of tiiese lays wound uppn the same 
red consmute a hank, which is taken' from the reel by 
causing one of the horlmntal bars, diippUed with a hiiige^ ‘to 
^ inwards. Hie circumference of the reel is a ya|cd and n 
half; consequmtly the hank measures 840 3 rsrds. The a|zn 
of the twist is expressed by stating how msOT hanks go to 
the pound weight : thus, the yam cwJbd N” 100 is that which 
takes 100 hanks of 840 yards eadh to weigh an aroirdupms 
pound. Yam can be spun upon mules as 0ne as 2Q0 biuiks 
to the pound ; but in water-twist and jenny-spinning it seldom 
exceeds 60 or 70. 

, The plan of the buildings in which the cotton-spinning 
machinery is placed, is genendiy in the form of a parallel- 
ogram, of a length proportionate to the extent of the manu- 
&cture carried on therein, and about thirty feet wide. In the 
best constructed mills, the carding and other preparatory 
machines are placed on the lowest floor; the moles and 
stretching frames on the next ; and so on progressively as 
the machines improve the fineness of the yarn. Tl^e mufes, 
jennies, and water-frames are placed with their line of spin- 
dles across th,e building ; and the card-en^nes have the axes 
of their cylinders parallel to the long wall of the building. 
Four or six rows, Widrers and finiahhrs, are placed alter- 
nately. 

The steam-engine, or first mover, is placed at one end of 
the building, and the motion is communicated by a horibmntal 
shaft running the whole length of the bwlding, whidi truis- 
mits the motion to vertical shafts with bevel-wheels, which 
wheels transmit the motion to horizontal shidts in thd upper 
floors. 


WOOL MANUFACTURE. 

Hfis wril-known staple is in the proeess of the nmq o fa c- 
turo,dirid^ into two distinct classes, long wool, or wortted 
ipipuiuig j and short wool, or the spiming qf wooffrti.jiam. 

1 ft 

ON WOPSTBD SPIMHING. 

IlMUvmd by meshs of machineiy aeoomj^sled ^frunna- 
' tion of a tiitead of cotton, the appucfttion bf riie prindpls to 
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oflleip fibres would naturally foUow ; and although some diffi- 
culty might be expected to occur in adapting the rollers to 
different staples^^y^ this was soon overcome. The methods 
of forming threads from long wool and from flax^ by the 
juuid, were very diftrent, yet each was spun from the middle^ 
not from the end^ of the respective fibre. In hand-spinning, 
the phick, that is, the portion plucked from the sliver or 
combed* wool^ was placed across the fingers of the left band 
and from the thick part of it, the fibres were drawn, and 
twisted, as the hand was withdrawn from the end of the 
spindle, to which it had been previously attached. The 
revolution of the wheel, effected by the right hand, conveyed 
by a band to the whirl, or pulley on the spindle, produced 
the requisite twist to give firmness to the thread; and by a 
very gentle motion of the same wheel, the thread being 
brought nearly perpendicular to the spindle, it was wound 
upon the spindle to form the cop. From this it was trans- 
ferred to the reel, an 4 becaine a hank, of a definite length, 
but varying in weight with the thickness of the thread. ln« 
this state it was transferred to the manufacturer to he con* 
verted into the different fabrics of shalloon, calimanco, 
bombasin, &c. , 

A few years after the introduction of cotton machinery, an 
obscure individual of the name of Hargraves, previously 
unknown as a mechanic, who had been long employed by 
Messrs. William Birkbeck and Co. at Settle, in Yorkshire, 
in the management of a branch of the worsted manufactory, 
attempted to spin long wool by means of rollers. He con- 
structed working models of the necessary preparing machinery, 
and of a spinning-frame, bv the assistance of persons accus- 
tomed to tM construction of cotton machinery, and succeeded 
80 completely, as soon to induce bis employers to build a 
large mill for its application. By degrees his plans became 
known to the trade, and many large manufactories have 
subsequently been erected for this purpose. Contrary to 
the earlier anticipations on this subject, it has been found, 
that mill-spun yarn answers better for the coarse as well as 
the finer fabrics, than that produced by the hand, which it 
has entirely superseded. 

The first process after the wool of the fleece has been 
properly sorted, as it is termed, and washed, is combing. 
This is either done by the hand or by machinery, invented 
for that purpose some years since by the ingenious Dr. Cart- 
wright. The object each mode is to anwge the fibres as 
much ss noMiWv other, which, as they bavs 
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a somewhat tortuous fonu^ and are of considerable lengthy 
requires them to be frequently drawn ffom each other by the 
exertion of the strength of the wool-comber or the machine* 
In this state they form a bundle of fibres about six feet in 
lengthy cdled a sliver^ and this being laid upon the stretch ; 
ing or drawing frame^ constitutes the commencement of the 
preparing process, llie wool passes through several pairs of 
rollers of which the first and last are of course the essential 
onesj the intermediate moving with ^equal velocities, and 
consequently serving merely to condpct the skein : this* is 
received in cylindrical cans;^ and, three sudii skeins l)eing 
passed through another drawing-frame,' and stretched in their 
progress, become fitted for roving, the last step in the pre- 
paratory processes. Allowing for the difference in distance 
of rollers and weights, which on account of the length and 
adhesiveness of the fibres of wool, are both necessarily 
greater than with cotton, the description of the bobbin roving 
machine already intKbduced, will be sufficiently explanatory. 

^ Spinning, the concluding process, is effected by means of 
two pairs of rollers moving with unequal velocities, and inter- 
mediate auxiliaries. 

The loosely twisted thread from the roving bobbin, £, ilg. 408, is slowly 
carried forwards by the holding rollers A, a, dnd supported as it proceeds 
by the two pairs, G, e, and D, d. It is then drawn between the rollers B, b, 
and having been thus brought to a proper thickness, is twisted by the 
flier L, fixed on the top of the spindle, through which at K it passes : it is 
then taken up by the bobbin M, which moves round with the spindle its 
axis, although not equally quick. The ultimate thickness or size of the 
thread is determined by thediflerence of velocity in theholding and drawing 
pairs of rollers ; that is of A, a, and*B, bj which in their operation evidently 
imitate a pair of hands. The celerity of the three pairs of rollers nearest to 
the back of the frame is equal; consequently no stretching takes place 
amongst them. The upper rollers of the first and last pair are pressed 
down upon the lower, by weights, F, G, much heavier than H, 1. which aro 
supported by the axes of C, D ; these being only required steadily to carry 
forward the skein, and prevent the remote ends of the fibres of tiie wool 
from starting, whilst B, 6, are pulling their other extremities. The front 
rollers belonging to one division, or box, as it is commonly termed, are 
represented in fig. 409, where die drum, which moves the spindles, and by 
a oevelled pinion at the top of its axis conveys motion to the rollers, is also 
shown. Tne pinion on the right extremity of the roller, acting upon a 
train of wheels properly adjusted, imparts the required relative motion, in 
succession, to the rollers beyond. 

SHORT WOOL. 

Short wool is wrouglit into the finest cloths for personal 
wear, and is spun in a manner similar to cotton’, as described 
in jenny-spinning. 
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The first stage of the manufactare consists in submitting 
it to the action of chamber* ley and frequent rinsings in clean 
water) which bring it to the state fit for the operation of 
carding, ^e catrding-engine for fine short wool is con- 
structed with one main cylinder) haring) in lieu of the top 
cards used in jenny-spinning) numerous small rollerS) lying 
and rolling upon its upper surface ; it is used in place of a 
breaker-en^nO) and is called a AmM/cr. The wood is deli- 
vered from a main cylinder to a dofferj and) being combed 
or doffed) is carried to another engine, called the carder, 
which perfects the carding, and delivers it ofi^ by means of 
grooved mahogany rollers; in a row or rowan, as in jeimy- 
spinning. If the wool is of a coarse description, such as is 
ormed into yarn for the manufacture of coarse cloths or 
woollen cords, more carding is required. 

The scribbler-engine has three distinct parts or cylinders 
in one frame. The first part consists of the first main cylin- 
der with its top rollers, and is called th» breast ; this delivers 
the wool to the second main cylinder, which, with its top 
rollers, is called the first part ; this delivers it to a small 
intervening cylinder, called the ’tween doffer, which carries 
it to the third main cylinder, which, with its top rollers, is 
called the second part ; from hence it goes to the last doffer 
cylinder, from which it is combed by a doffing-plate, and 
finally carried by hand to a carding-engine. 

Tiie'carding-engine consists of similar parts to the scrib- 
bler-engine, except that it has no breast cylinder, and is 
covered with finer cards : its last doffer delivers the wool to 
a mahogany grooved roller, which forms It»into rowans for 
the process of spinning. 

The act of continuous carding, as described in mule-spin- 
ning in the cotton manufacture, is said to have been effected 
in some mills, but the advantages arising from it are not so 
great as to procure it general introduction. 

The rows or rowans are taken to a roving-billy, which we 
have already noticed in jenny-spinning,' and is spun and 
stretched by hand as there described. In this, however, the 
act of plying and drawing is not introduced, as fineness of 
yarn is not the object sought. 

The engines used in carding wool are generally lu^r 
than those used for cotton, being fi«quently six feet wide ; 
during the operation of carding, the wool is sprinkled ^th 
Gallipoli oil, in the proportion of from 2 to 4 lbs. of oil to 
20 lbs. of wool. 
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SILK MANUFACTURE. 

Silk is a very fine and delicate thread, the produce of a 
small insect, called bomhyx^ or the silk-worm ; which is not 
less curious on account of the changes it undergoes in its 
existence, than valuable for the beautiful fibre which it spins. 

The egg, requiring not the care of parental incubation, is 
by the solar heat brought into existence, and the bombyx or 
silk-worm thus produced lives upon the leaves of the mul- 
berry-tree until it has arrived a# maturity, when, spinning 
itself up in a small bag, about the size of a pigeon’s egg, it is 
changed into an am*elia. In this state it continues till -about 
the fifteenth day when it is changed into a butterfly, and, if 
not prevented, eats its way through the silken prison, to 
expand its newly acquired wings in the sun. 

The ball or cocoon, which the ingenious little insect has 
been nt so much pains to spin, to secure itself from its 
enemies and the effects of the weather, is tiie substance we 
call silk; and many who have examined it with attention 
are of opinion that it will extend to the distance of six English 
miles. 

In order to secure the silk foi the purposes of the manufac- 
turer, it becomes necessary to destroy the insect so soon as 
the cocoon is completed, which is on or about the tenth day. 
The cocoon is of various colours ; but the most predominant 
are flesh colour, orange, and yellow. The whole of them, how- 
ever, are lost in the process of scouring and dying, and there- 
fore it is not necessary to wind them on separate reels. 

The balls, preparatory to being wound pif into skeins or 
hanks, are immersed in hot water, which dissolves a natural 
gum, by which the fibres are united together, so that a single 
thread taken from the reel will be found to be composed of 
numerous small fibres or threads in the state produced by the 
worm. 

Thp,silk is imported into this country thus wound off into 
skeins, and in order to undergo the processes of the manu- 
facturer is wound upon bobbins ; and each thread being, as 
we before have stated, composed of several fibres, receives a 
certain degree of twist, that the constituent parts may be 
united more firmly together than they can possibly be by the 
gum elonf . When they have been subjected to thus much of 
the manufacture, they are wound upon fresh bobbins, and two, 
or three threads twisted together, to form a strong thread for 
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the weaver, who waips and finally weaves the silk Into various 
beautiful and useful articles^ by a process very sinulf^ to 
that used in the weaving of cotton and linen* 

Id Piedmont, where verv excellent silk is produced, the manufacture is 
carried on aid of the sill reel represented in fig. 424. 

The balls or cocoons are throwi^nto hot water contained in a copper basin 
or jK>ile]^, A, about 18 inches in length, and six deep, set in brick-work, so 
as to admit of a small charcoal fire l^neath it. B B is a wood frame sustain- 
ing several parts of the reel ; D is the reel upon which the silk is wound ; C 
is a guide which directs the thread upon it ; and £ F the wheel-work which 
gives motion to the guide. The jreel D is merely a wooden ^indle, having 
four arms mortised into it to support the four battens or rails on which the 
silk is wound. # 

Upon the end of the wooden spindle of the reel, and within the frame B, 
is a whe^l of 22 teeth, which gives motion to another wheel C, fixed upon 
the end of the inclined axis £ F, and having twice the number of teeth ; at 
the end of this inclined axis is another wheel G, of 22 teeth, playing in a 
horizontal cog-wheel with 35 teeth. This wheel turns upon a pivot fixed in 
the frame, and has a pin fixed in it at a distance from the centre, to form an 
eccentric pin or crank, and give a backward and forward motion to the slight 
wooden rail or layer C, which guides the threads upon tlie reel ; for this pur- 
pose, the threads are passed through wire loops or eyes,C, fixed into the layer, 
and the end thereof opposite the wheel and crank F is supported in a mortise 
or an opening made in the frame B, so that the revolution of the crank will 
cause the layer to move, and cariy die threads alternately towards the right 
or left. There is likewise an iron bar H, fixed over the boiler at H, and 
pierced with two holes, through which the threads pass to guide them. 

In the operation of reeling, it is well known, that if the 
thread be wound separately it will be totally unfit for the pur- 
poses of the manufacturer ; consequently the ends of the 
threads of several balls or cocoons are joined and wound to- 
gether, and when any one of them breaks or comes to an end, 
its place is supplied by a new one, and thus by continually 
keeping up the same number the united threads may be wound 
to any required length. 

The reeling is conducted by a woman, who, when the balls 
or cocoons have remained a sufficient time in the hot-water 
contained in the boiler A, to soften the gum, takes a whisk of 
birch or rice-8iraw, about six inches long, cut stumpy like a 
worn-out broom, and brushes the cocoons with it, which 
causes the loose tlureads to adhere to it ; these she disengages 
from the whisk, and by drawing them through her fingers cleans 
them from the loose silk, which always surrounds the cocooni 
till they come off clean, which operation is called la hatiw. 
When the silk has been perfectly cleansed, she passes four or 
more of the threads, if she intends to wind fine silk, through 
each of the holes in the thin iron bar H, and afterwarda 
twists the two coimound threads, consisting of four cocoons 
each, about 20, or % times round each other, that the four 



394 * THB OPBRATIVK MECHANIC 

ends in each thread may the better join together by crossing 
each other^ and that the thread of the silk may be round 
which otherwise would be flat. 

The threads when thus twisted together are passed through 
the eyes of the loops^ of the layer^ and thence are conducted, 
and made fast to one of the rails of4he reel. As it is of con- 
sequence in the production of good silk, that the thread should 
have lost part of its heat and gumminess before it touches the 
bars of the reel, the Piedmontese are by law obliged to have 
38 French inches between the guides, C, and the centre of 
the reel; and the la;^er must also, under a penalty, be 
moved by cog-wheels instead of an endless-cord, which, if 
suffered to grow slack, will cause the layer to stop 'and not 
lay the threads distinctly, and that part of the skein will be 
glued together, whereas the cog-wheel cannot fail : when the 
skeins are quite dry, the reel is removed from the ftame, and 
by the folding of two of its arms, by means of hinges, the 
skeins are taken off, and with some of the refuse silk are tied 
into hanks. 

Although from the foregoing description the operation 
must appear very simple, it is a matter of very great nicety 
to wind an -even thread, and the difficulty of keeping the 
thread always even is so great that, e:x:cept when using a 
ttiread of two cocoons, they do not say a silK of three, four, 
or six cocoons ; but a silk of three or four, four or five, five 
or six cocoons. In a coarser silk it cannot be calculated 
even* so nearly as to four cocoons, and consequently they say, 
from 12 to 15, from 16 to 20, and so on. 

It IS also necessary that the water in the boiler be kept at 
a certain temperature; for if the water is too hot, the thread 
is dead and has no body ; if too cold, the ends of the threads 
do not join well, and form a harsh silk. The threads them- 
selves indicate when the water is not at the proper degree of 
temjperature, by freouent breaking when it is too hot ; and 
coming off eutanglea, and in a woolly slate, when too cold. 

In the process of winding the woman has alwavs a bowl of 
cold water by her, into which she occasionally dips her 
fingers, and frequently sprinkles it upon the iron bar H, that 
*the threads may not be burnt by the lieat of the basin ; it also 
serves to lessen the temperature of the water in the boiler 
when approaching the bouing {)oint. 

All hinds of siU: which are simply drawn from the cocoons 
by the process of reeling are callea raw silk, and is denomi<- 
ttated'eoarse or fine according to the number of fibres of 
which thk thread is composed. In preparing the raw silk for 
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dying the thread is slightly twisted, in order to enable it to 
bear the action of the hot hquor without the fibres separating 
or furring up. The silk-yarn employed ty the weayeis fop 
the woof or weft of the stuffs which they fabricate, is composed 
of .two or more threads of the raw silk, slightly twisted by the 
aid of machinery ; and the thread employed by the stocking- 
weaver is of the same quality, but composed of a greater 
number of threads, according to the thickness required. 

Organzine silk consists in combining together two or more 
threads of silk, each of which has in the first instance been 
twisted by itself, and afterwards the whole are twisted toge- 
ther. This operation, with the exception of the elongation 
of the cotton, closely resembles roving in the Cotton Manu- 
facture. The process consists of six different operations. 
1. The silk is wound from the skein upon bobbins in the 
winding-machines. 2. It is then sorted into different quali- 
ties. 3. It is spun or twisted on a mill in the single thread, 
the (wist being in the direction of from right to left, and more 
or lels tight, as the purposes to which the silk is to be applied 
may require. 4. Two or more threads thus spun are doubled 
or drawn together through the fingers of a woman, who at 
the same time cleans them, by taking out the slubs which 
may have been left in the silk by the negligence of the foreign 
reeler. 5. It is then thrown by a mill, that is, two or more 
threads are twisted together, either slack or hard, as the 
manufacturer may require ; but the twist is in an opposite 
direction to the first twist, and it is wound at the same time 
in skeins upon a reel. 6. The skeins are sorted according 
to their different degrees of fineness, and then the process is 
complete. 

The first operation which the raw silk undergoes is winding, 
that is, drawing it off from the skeins in which it is imported, 
and winding it upon wooden bobbins, in which state it can 
go to the other machines. 

Each of the skeins is extended upon a slight reel called 
a swift ; it is composed of four small rods, fixed into an axis, 
and smml bands of string are stretched between the arms to 
receive the skein, but at the same time the bands admit of 
sliding to a greater or less distance from the centre, so as to 
increase the effective diametet* of the reel, according to the 
size of the skein, because the skeins, which comes from dif- 
ferent countries, vary in size, being generally an exact yard, 
or other similar measure, of the country where the silks are 
produced. The swifts are supported upon wire pivots, upon 
which they turn freely wh^n the silk is drawn oflf from them ; 
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but in ordeir to caufle the thread to draw unth a gentle ibree^ 
a looped piece of string or wire is hung upon the axis within- 
side the reel, and a small leaden weight is attached to it, to 
procure friction. The bobbins which draw off the threads are 
received in the upper part of the frame, and are turned bv 
means of a wheel beneath each, the bobbin having a small 
roller upon the end of it, which bears by its weight upon the 
circumference of the wheel, and the bobbin is thereby put in 
motion to draw off the silk from the swift; A small light rod 
of wood, called a layer, which has a wire eye fix^d into it, is 
placed at a little distance from, and opposite to, each bobbin, 
so as to conduct the thread thereupon ; and as the layer moves 
constantly backwards and forwards, the thread is regularly 
spread upon the length of the bobbin. The motion of the 
layer is produced by a crank fixed upon the end of a cross- 
spindle, which is turned by means of a pair of bevelled wheels 
from the end of the horizontal axle, upon which the wheels for 
turning all the bobbins are fixed* 

These winding-machines are usually double, to contain a 
row of bobbins and swifts at the back as wdl as in front. 
Two of these double frames are put in motion by cog-wheels 
from a vertical shaft, which ascends from the lower apart- 
ments of the mill, where the twisting-machines are placed. 
The winding-machines require a constant attendance of 
children to mend the ends of threads which are broken ; or 
when they are exhausted, they replace them by putting new 
skeins upon the swifts. When the bobbins are filled, they 
are taken away, by only lifting tbem^up out of their frame ; 
and fresh ones are put in their places. 

A patent has been lately taken out by Messrs. Gent and 
Clarke, for a new construction of the swifts for winding- 
machines : they are made with six single arms, instead of four 
double ones ; and the anus are small flat tubes made to* con- 
tain the stems of wire fofks, which receive the skein, instead 
of the bands of string in the common swifts. These forks 
admit of drawing out from the tubes until the swift be suffi- 
ciently enlarged to extend it ; but as they extend the skein 
at six points instead of four, as in the common ones, the 
motion is more regular. Instead of the weight which causes 
the frietion, a spring is used to press upon the end pivot of 
the axis, and m^e^Sie requisite resistance. 

The twisting of the silk is always performed by a spindle 
and bobbin, with a flyer, but the construction of the machine 
is frequently varied, llie limits of our plate do not admit 
a representation of the great machines, or throwsting-millf, 
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Ht their full extent ; but the principle is the same as fig. 426L 
which we have extracted from 0r. Rees’s Cyclopaedia, varying 
the description a little, to agree with the present improved 
state of the maniifiicture. 

In fig. 426, we have given a drawing of a email machine, which is similar 
in the parts which act upon the silk; and indeed many mills employ such 
machines constructed on a large scale. The one in our plate contains only 
thirteen spindles, and is intended to be turned by hand, a method which is 
too expensive for this country, but is common in the south of France, where 
many aitisans purchase their silk in the raw state, and employ their wives 
or children to prepare it by these machines, whi^ they call ovofot, bemuse 
the spindles, ft, are arranged in an oval frame, G H. 

B IS the handle by which the motion is given ; it is fixed on the end of a 
spindle R, which carries a wheel D, to give motion to a pinion upon the 
upper end of a vertical axle £ ; this, at the lower end, has a dram or 
wneel F, to receive an endless strap or band, a which encompasses the 
frame G, and gives motion tp all the spindles at once. The spincues ft ft are 
placed perpendicularly in the frame G H, their points resting in small holes 
in pieces of metal, which are let into the oval plank G ; and the spindles 
are also received in collars affixed to an oval frame II, which is supported 
from the plank G, by blocks of wood ; d and a are small rollers supported in 
the frame G H, in a similar manner to the spindles ; their use is to confine 
the strap a, to press against the rollers of the spindles with sufficient force to 
keep them all in motion. 

Tue thread is taken up, as fiist as it is twisted, by a reel K, which is 
turned by a wheel ft, and a pinion i,upon the end of the principal spindle R. 
The threads are guided by passing through wire e^es, fixed in an oval 
frame L, which is supported in the frame of the machine, by a single hva or 
rail 1 1, and this has a regular traversing motion backwards and forwards, 
by means of a crank or eccentric pin R, fixed in a small cog-wheel, which 
is turned by a pinion upon the vertical axis E ; the opposite end of ^e 
rail I is supported upon a roller, to make it move easily. By this means 
the guiders are in constant motion, and lay the threads regularly upon the 
reel K, when it turns round, and gathers up the silk upon it as sliown in the 
figure. 

One of the spindles is shown at r without a bobbin, but all the others are 
represented as neing mounted and in action. A bobbin, e, is fitted upon 
each spindle, by the hole through it being adapted to the conical form of 
the spindle, but in such manner that the bobbin is at liberty to turn freely 
rouna upon the spindle ; a piece of hard wood is stuck nst upon each 
spindle, just above the bobbin, and has a small pin entering into a hole in 
the top of the spindle, so as to oblige it to revolve with the spindle, this 
piece of wood has the wire-flyer, ft, fixed to it ; the flyer is formM into eyes 
at the two extremities ; one is turned down, so as to stand opposite to the 
middle of the bobbin 0 ; and the other ai^ ft, is bent upwards, so that 
the eye is exactly over the centre of the spindle, and at a height of some 
inches above the top of the spindle. The threw from the bobbin, e, is 
passed through both the eyes of this wire, and must evidently receive a 
twist when the spindle is turned ; and at the same time, by drawing up the 
thread through the upper j^e, ft, of the flyer, it will tom the bobbin round, 
and unwind therefrom. The rate at which the thread is drawn off from the 
bobbin, compared with the number of revolutions which the fiy^n m^e In 
the same time, determine the twist to be more or less hard. Tl^ ciicum« 
D regulated by the proportion of the wheel ft to the pinion ip from 
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whico it reoniTei notion; and theio pin bo changed when it it riK^uirid to 
spin ditierent kinds of silk. 

The operation of the machine is very simple. The bobbins filled with 
silk in the winding-machine, fig. 425, are put loose upon tlie spindles at e, 
and the fiyers are stuck fast upon the top of tiie spinalcs ; the threads are 
oondueted through the eyes of the flyers 5, and of tne layers L, and are then 
iQade fast to the reel K, upon whidb it will be seen that there are double 
the number of skeins to that of the spindles r^resented, because one half 
of tite number of spindles is on .the opposite side of the frame, so that they 
are hidden. With this preparation tne machine is put in motion, and 
continues to spin the threads ny the motion of the flyers, and to draw them 
ofi* gradually from the bobbins, until the skeins upon, the reel are made up 
to the requisite lengths. This is sometimes known by a train of wheel-woiK 

nop, consisting of a pinion, n, fixed upon the principal spindle R, 
turning a wheel, o, which has a pinion fixed to it, and turning a larger 
wheel p f this has another wheel upon its spindle, with a pin fixed in it, 
and at every revolution raises a hammer and strikes upon a bell, a, to inform 
the attendant that the skeins are made up to a proper length. 

In the silk-mills they employ two difiPerent machines, one 
for the first operation on organzine, and the other for the 
second operation. 

Thus, after the silk is twisted it must be wound on fresh 
bobbins, with two or three threads together, preparatory to 
twisting them into one thread. In the origin^ machines at 
Derby this was done by women, who, with hand-wheels, 
wound the threads &om two or three of the large bobbins 
upon which the silk is gathered instead of the reels, and 
assembled them two or three together upon another bobbin, 
of a proper size to be returned to the twisting-mill. 

In 1800, Mr. John Sharrar Ward, of Bruton, obtained a 
patent for a new method of doubling silk, worsted, cotton, or 
flax, which we intend to describe here ; for though various 
modes are adopted for this purpose, one will be sufficient to 
give an idea of the whole. Whatever number of threads may 

required to be doubled together, they may by means of 
this invention be doubled to the greatest certainty ; for if at 
any time any one of the threads, or union'of threes, to be 
so doubled, should break, it will immediately stop the other 
thread or threads until the broken thread shall be repieced, 
which secures a constant double thread, or union of threads ; 
and the manner in which the same is to be performed will, we 
trust, be clearly understood by the subjoined description. 

Fig. 429. A is a roller carrying round the bobbin B, which draws the 
threads “C C from the bobbins D D ; consequently the bidls £ E, and the 
thread-wires F F, move round on the pins G G. H H are two wo^ or iron 
standards, at the tops of which are hung two regulating thread-wires, 1 1. 
When eitheskof the threads C C break, the thread-wire through which it 
passes falls down, and the tail part K rises up to a level with tiie ball and 
slops 4be other thread-wire from going round, and consequently the tiufad 
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thti pM iM tkmugh hi sod jfterotim hit bobbia B ftom ticking it up | but. 
the roller A continues hs notion. LL ei<e guide-wires for the thrSds to 
pass over ; M is a slides noved a short wtel or crsnk| to lay the threads 
leFel on die bobbins. 

Fig. 430 is another doubling-machinei the form variedi but the principle 
the sane as fig. 439. A is a roller^ whereon lias a smallm onoi marked ^ 
the axis of whioh goes through the bobbin; C is a slidoi for the same pur- 
pose as M| in fig. 439 ; D D two bobbins^ whh spindles through then^ on 
each of which is fixed a wheel £ £ ; F F are two uread-wires hung at G G. 
When either of the threads break| the wires drop between the teeth of the 
wheeli and stop the other thread, the bobbin and roller B stopping at the 
same time ; but the roller A continues moving, as A in fig. 429. 

The bobbind being thus filled with double* or triple threads^ 
are carried^ back to the throwsCing-machine^ and are there 

S pun or twisted together in a manner similar to that before 
escribed. At Ais period^ the silk is a marketable article, 
and is passed from hand to hand. 

The silk being now spun^ is put into a boiler filled with hot 
water^ into which is put a small quantity of soap^ in order to 
divest the silk of its gum. In the earlier processes^ the gum 
was necessary for the purposes of the manufacture^ for the 
silk, had it been divested of it, would have assumed a fine 
downy appearance similar to that of cotton, and must have 
undergone similar operations before it could have been formed 
into a thread ; this, indeed, is necessary for that portion of waste 
silk which is drawn from the cocoons in the first operation 
of reeling; also for those cocoons which 'have been reserved 
for breed, or which is made in the operations of twisting just 
mentioned, through which the moth or butterfly has eaten 
a hole, and rendered them impracticable to be wound off 
into silk. 

The silk is now taken to the warping-mill, which, being a 
precursor to the act of weaving, will be noticed under that head. 

At this present moment several improvements are in pro- 
gress for winding and throwing silk upon a new principle : 
indeed, the silk manufacture now may bq compared with what 
the cotton manufacture was about thirtv years ago. There 
appears to be taking place in every aepartment tiie same 
great and rapid improvements ; and it is much the opinion 
of practical men, that the machinery now in use will, m the 
course of a very few years, be entirely superseded, and tiiat 
this branch of our manufiustures will ultimately be almost. If 
not quite, as great a source of national prosperity as the 
cotton manufacture. 

The art of throwing silk was first introdu^d into^ this 
.country by Mr. John £ombe, whp, with considerable inge- 
nuity, and at the risk of his Kfe, took a plan of onesf t he s e 
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complicated machines in the king of Sardinians donunions 
firom which^ on his retum, he, in conjunction with Mr. 
Thomas Lombe, established a si^ar set of mills at Derby. 
Parliament granted them a patent for fourteen years; and, on 
being petitioned at the end of that term for a renewal, granted 
them 14,000/. instead, on condition that they shoidd allow, 
a perfect model to be made, and {placed in the Tower for 
public inspection. 

FLAX MANUFACTURE. . 

Flax undergoes various processes before it can be worked 
into cloth or other articles ; these processes are very different, 
and require different sorts of implements and machinery, in 
order to their being properly peiformed. Flax, for the pur- 
pose of being formed into cambric, fine lawn, thread, and lace, 
18 dressed in rather a different manner to that which is em- 
ployed for other purposes ; it is not scotched so thoroughly 
as common flax, which from the scotch proceeds to the heckle, 
and from that to the spinner ; whereas this fine flax, after a 
rough scotching, is scraped and cleansed with a blunt knife 
upon the workman’s knee, covered with his leather apron ; 
from the knife it proceeds to the spinner, who, with a brush, 
made for the purpose, straightens and dresses each parcel 
before she begins to spin it. 

In the Sw^ish Transactions for the year 1747^ & method 
is given for preparing flax in such a manner as to resemble 
cotton in whiteness and softness, as well as in coherence ; 
for this purpose, a little sea- water is directed to be put into 
an iron pot, or an untinned copper kettle, and a mixture of 
equal parts of birch-ashes aivd quick-lime strewed upon it, 
a small bundle of flax is to be then opened and spread upon 
the surface, and covered with more of the mixture, and the 
stratification continued till the vessel is sufficiently filled. 
The whole is then to be boiled with sea-water for ten hours, 
fresh quantities of water being occasionally supplied in pro- 
portion to the evaporation, that the flaxy matter may never 
pecome dry. The boiled flax is to be immediately wi^^hed in 
sea, by a little at a time, in a basket, with a smooth stick 
at first, while hot ; and when grown cold enough to be borne 
by the hands, it must be weU rubbed, washed with so^^, laid 
to bleach, and turned and watered every day for some time. 
Repetitions of the washing with soap expedite the<bleaching ; 
after whichf the flax is to be beat, and again well washed ;• 
when dry, it is to be worked and c<^ed in the same manner 
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aBcornmoocottoa, «adp«e8sedi l»tvi»!«ttjMir<»bo«rds for fort^ 
eight hcMtrs. It ‘is now ftilly inr^mrQd nmd fit for nse. ,}(, 
loses in this proefess nearly one-haK its weight, which, h<%ty<r 
ever, is abupdantljr compensated the improvement ma^ 
in its quality, and its fitness for the finest purposes. 

Hie treatment of fiax and hemp from the time of their 
growth up to their formation into thread and cloth is so rmy 
similar, that a description of thh operations performed on 
the one will answer for both ; we ^ball therefore, under this 
present article Rax,”, give a description of the new mode 
of obtaining fiax and hemp from the plant ; tfnd under Rtqie 
Manufacture, describe the former slow, ii^jorious, and ex- 
pensive process of dew-retting or water-steeping. 

This improved process was first caiTied into practice by 
Mr. James Lee, who has discovered that, when the hemp 
or flax plants are ripe, the farmer has nothing more to 
do than to pull them as heretofore practised, and Spread 
and dry them in the sun as he would his bay or min, 
taking care <ftily in the ridges to lay the roots in one direc- 
tion, so as to prevent, as much as possible, the breaking or 
entanglement of the stems, and When sufficiently dry, to carry 
them and lay them in store, either in ricks or in barns. 

The stalk of the flax-plant when it has been thus pulled 
and dried, can be separated into two principal component 
parts or substances, namely, an intenud pith, and an ex- 
traneous fibrous covering; the pith, or brittle matter, is tech- 
nically called “ boon j” and the fibrous covering, ** harle” 
or “ fibre.” The operation of detaching the boon from 
the fibre is called, ** breaking of flax.” 

Various machines have been indented for the breaking of 
flax, some of which we shall proceed to describe, com- 
mencing with those by Mn Bundy. Mr. Bund/s machines 
are a breaker and a mbbor. The being for the pur- 
pose'of separating the harle from the boon, the latter for 
rubbing and subdividing the fibres, and finally cleansing 
it before it goes, to the heckler. The breaking ma- 
chine will be first described, as it is to be first used, and ^ 
it will appear that fdthough it consists chiefly of fluted 
or toothea cylinders, yet it varies from all other machine^ 
for the same purpose which have pi;eceded it, by the in- 
equality of the d^th of it/ teeth, the play or space which. < 
exists between one tooth and anoth^j and in the vecipror 
eating moticm of the cylinder corniced with their pro 7 , 
gressive motion, instead of its being progressive only as In 
ul former cases ; by these means the happiest effeoU are 
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produced. The simpte oianuer ia 'which this complex mo- 
tion is brought about i^ects the highest credit on the 
mechanical skill of Mrf Bundy^ the investor not only of 
these machines but of many ^the^ of equal ingenuity. 

Fiif. 43B| represents a side yiew of the breaking machine, on a scale of 
three quarters of an inch to a foot. The framing. A, is of timber, which 
serires to support the five breaking cylinders, G G D £ £, turning on 
pivots. G D and C move in cross bearings, fixed upon the boards or 
supports B, on the two ^posite sides of the machine, while £ E merely 
lay above and between G D and D G, and are drawn down to these by 
twp rods, as seen at F F. The lower ends ^f these are joined by a con- 
necting bar, and another rod proceeds downward^, its lower end fixed 
by a double adjusting nut 6, near the pin or fulcrum H, of the lever or* 
presser H 1, which is loaded with a weight J. There Is a similar lever 
on each side of the machine, to bear down the four ends or piv^ of^the 
two rollers £ E, and the ends of these levers, nearest h areoinited with 
a cross bar, by 'means of which one weight J, acts on them both,*anil is 
made to press equally by an adjusting iiut or screw, on each side, like G* 
K L is a lever placed under the machine, pne end of which is attached to 
the weight J, in such a manner that by presHing down its end L, I is raised, 
and all pressure is instantly prevented between the superior eylipders £ 
£ and those under them at C D C, for stopping the operation of the ma- 
chine at any time. The breaking cylinders are about eighteen or twenty 
inches in length, and are made of oeeeh, or any haid wood, and arc all 
similar to each other in dimensions, and in having breakers which act 
also as teeth, extending like projecting plates their whole len^h, paral- 
lel to the axis. These breakers or teeth, are formed of thin hoop-iron, 
let about half its width into saw-cuts in the cylinder, into which they 
arc driven, and they' are retained in thoiv places by iron hoops put on to 
each end of the cylinders ; they are about naif an inch asunder, their ex- 
ternal edges are well rounded, so as not to cut the flax, and they are 
alteriiately long and short ; the long or deep teeth projecting about three- 

S iiarters of an inch from the cylinder, while the short ones are about half 
iiat length. In placing the lower breaking cylinders in their places, 
care must be taken that they d#not touch each other, since their teeth 
are only to connect through the medium of the two upper rollers which 
press upon them. The axis of the roller D is longer than the others, and 
extends on both sides beyond the frame, tnd upon^eacli end of it is dSxed 
a cast-iron wheel, by which motion is to be given to the cylinder, and 
through this to all the others. Both of the wheels are of the same dia- 
meter; but one is a ratchet-wheel, as will be seen in the last figure, 
while that on the opposite side is a spur, or common toothed wheel, as 
will be seen in fig. 43S, which represents such psprts of the machine on 
the opposite side as are essential to its motion, and the same letters of 
reference are used in both figures to denote similar parts. 

The first motion is ghen Uk this machine from the iron spindle 0, fig. 
433, which may be turned by a handle or by a bond and ri^er, ha at P. 
It may also he connected with a hdr o( spur-wheels and a ey, as shewn 
fai fig. 433, to assist it« motion. On each end of the lower spindle, if two 
are used, there is a crank, as at Q, attached to a connecting ro4 V» the 
opposite end of which in.% 9 488^18 a4|gched to or lever turning on a 

centre S* so that when V*,or D Dt ^e tamed* the end of this levbr Will 
describe ^portion of n circle, shew^ by dotted line T A, and w)ll 
engage witB the ratchet teeth of thes^ra m* and carry it partly round ^ 
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Vliite on the other eide df the amUM* shewn Sn fig. 43^, the connectiiur rod 
K, passes from the crank of V« to n to^hed segi&nt U, the teeth of wiiieh 
work into the teeth of the rour-ndieel fixed upon the opposite gudgeon 
of the breaking cylinder D. The connectlttg rid on this side of the mo* 
chine, must be so uyusted in iencth* that In its mot^n outwards, the end 
tooth of U, next to A, must be Withdrawn aioM the teeth of the 
wheel N, but that when it moves in a contrary direction, or from T to^ 
wards A, it must moire conmletely in the teeth of the wheel, and not 
leave them, and, of course, N, at this time, is incapable cf any other 
motion but what the segment U dso has, 

Theconnectingrod Q V, in fig. 488^ must also be adjosted in length to 
the pall or gatheriag^ooth S, as to moke it continue to act upon its 
wheel M, for the space of one to^ ofK, in Pig. 4^, after the segment U, 
has been withdrawn from its wheel N ; aini thus, fdthough the motion of 
U, would produce a backward and forward motion of its corresponding 
wheel N, and the breaking cylinder B, and consequently of ail tlie other 
cylinders, vet by the after action S nponM, the roller f>, and its wheel 
N, are made to advance gradually by the space of one tooth of K, for every 
revolution of O, and thus a slow but regular progressive motion of the 
eylindeHlM obtained at the same time that the vibratory or oscillating mo- 
tion is going on. The fiax is fed or supplied in hand«irull on the feeding-' 
trough uud pressing it gently between the rollers C and E, and it is de- 
livered out from between the rollers £ and C, at the end of the machine, 
next to L, in a sufficiently clean and divided state to enter the riibbing-ma« 
bhine, which will be next described. The superiority of this machine over 
common fiuted rollers, needs no comment, since the distance between 
tlie tcoth and the skate, which is produced by tiie alternating motion of 
the cylinders, exactly gives that action which is best suited to break off 
and disengage the bark and woody matter, which, when dry, is quite brit- 
tle, and falls to the bottom of the machine. Once passing the rollers is 
in general sufficient for either fiax or hemp stalks, but the work is ren- 
dered more perfect by a second passage through them, which does not at 
all injure the fibre. 

The .rubbing machine^ which is to be used immediately 
after the above breaking process, is represented in a side 
view, or rather section^ in fig. 434. 

In this, a is in the wooden frame for supporting the machine, 6, the 
bearers forthe three rollers c, ri, e, are disposed as in the breaking machine, 
but in this case they are only for the purpose of drawing or leading the 
flax through the machine, (the breaking being presume to have been 
already done by the last described or any other process,) they must be 
fluted, or grooved, or may be made in the same manner as the breaking 
cylinders, but witii the teeth of equal length# much^hoi^r, and of a finer 
gauge or pitch: y; is a rigger or pulley, to which a rapid eiraular motion 
is to be given ; it is hung upon a shaft or ^ndle, turning In brqss bear* 
ingi, and fixed to the frame a ; on the end, a# of this spitime, is fomed an 
endless screw, or worm, which turns a small wheel, t*, fixed upon llio 
lower end of an Ironapindle, K, turning in bearinga, and leading a 
bevil pinion at its upper end to the fqce- wheel n, which is fixed op onaof 
the gudgeons ef the fluted or toothed roHhr so that wheuever die nff« 
ger/, is turned, even with a rapid tsofeiiHi, a very Slow ipStien 
communicated to the roUerss^ A e* ,*jnte most esitt#ialpSttof ^ pm* 
chine consists cftlmrubbeiQlMi^ 

only be seen inttoraptt faeqtiiwnii ^ leng^mi^tefiroei eight in* 

* 
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ebes to a foot, or more. The board o, ie firing# On of the fram- 
ing a, and is without motion, while those iQmtd j» hrd soppbrled upon 

the two strong cylindrtsal ironpins s,wldsli are UrmlyScrewted into tie frame 
a, and pasf through holes which fit tliein^iirthl hems pp pi sdtUat these 
last can be moved ta^a grefiter or Uss^dfistanee-from eaohothefv but are 
incapable of up anoVbwn motion. ‘JPbe intermediate boards, q q q, are so 
muc|i shorter as to pass between the*iroi{ pins #, and adnfit of an up and 
doiro motion betweeiif p pp t)dB ;e they are all connected to- 

gether by an iron link or stalm, fi: upon the top of |f;he eonnecting 
rod, t«, the lower end of which Sro^cs n.a cruuk tp thMnddJkJSif the 
'first spin^Her upon which the s^er^ [acdd^^Jo tn^ in aym^^olu- 

tiou of ft the movable boards 4^qql bLHUhnWwnwaids 

between the more stationary bogrdst tsMlc^ls freed ptc. 

The whole of the be a r ds a re 'drawn I on^h 

of their sides, passing througb»p wp at'/ by 

weights or spiral wire springs, ^nd the^ M^iboalds are pem#a-' 

ted with a sht or mouth, from foUt taabi inches, " ^ - to their 
width) and about a quarter of an inch wide, placed near their tops, at an 
e^ial distance from the top of each, and nicely tbitnded off on all its 
edges. The eomequence will be, that whenever the crank is in-an hori- 
zontal situation, all these <«lit8 will coincide, but when the crank is down, 
as in the figure, the slits mq g q (which slits are seen only in section) 
will be below those inp pp and c, while, when the crank is up, tli^ will 
be elevated above them ; and thus it will easily be perceived, that if fiax, 
or auy other flexible material, is pgssed through the slits in the board<f 
when they do coineide, and then conducted between the toothed rollers, 
that while these are drawn slowly on through the machine, the boards p p, 
q q, Sic. by their rapid up and oowa- motion, will effectually rub it, and 
cleanse it from any extraneous matter which may adhere to it, as well as 
open the fibres ; and for the better regulation of this operation, v is a 
treadle, or lever^ near the foot of thd attendant, by pressing on which, 
the weight to, which depresses the top roller d, will be raised, in conse- 
quence of which, the rollers will cease to draw, although tlie rubbing 
still continues, so that ite velocity in passing the machine, may be cor- 
rectly regfulated at the will of the sugerintendant. * 

For the purpose of setting this nMiehine to woVk in the first instance, 
and charging it with flax, the topAdf all the ruhbing-'boards are movable, 
and made to separate through the slits which are made in them, for which 

S urpose they are attached at one end by strong hinges, and are fixed 
own at the other by the thumb-screws, which are shewn in the figure, or 
by any other sufficient fastenings. It will, however, only be necessary 
to open them on first setting them to work, since all future quantities of 
flax to be rubbed may be tmled on to that which is already in the ma- 
chine* The flax is to be sgppAed by placing it^m a perpetual revolving 
cloth or feeding table, JoinM te| the ends of the pneehine and worked by 
connexion to S(»aie of its but this is not shewn in the figure, as 

it foegm bo part of the invention, and is common in all cotton and flax 

inanufaoti4Se|i« 
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supported in brass or o^er proper carriaffea, as sb^wn in <;lie %ure. A 
third conical roller* D» is supported by similar caniaffes* under the top 
• piece E. ♦ 

The aforesaid three rders B, €> and D, are all similar in construe* 
tion, dimensions, and shape, being all frustra of cones, with flutes or lon- 
gitudinal teeth in their external conical surfaces. It is not, however, 
essentia] to die performance of the maebiBe, that they should be all of the 
same dimensions, provided they are so fixed in their carriages that the 
teeth or flutes uplm the uppertolltf may take into and act with those of 
the two lower ones : and that they wsl alt move or revolve toget^r when 
the upper roller, idiaeambent upon, or fies betw^n. the two lower 
rollers, B €, as shewn in the figuri^ and in the plan at Q» These rollers 
may be made of metal, and cast witfithe teeth of the form shewn in the 
detached figure F, which i| a section through the widest ends of these 
conical rollers, not only to shew the form ef teeth which will be most 
convenient when the rollers aire to be cast, but also the nature of their 
contact when the upper roller, 1>, Is depressed between the two lower 
ones. * 

The form ef tooth shewn at F, is not, however, essential to the per* 
fertionof this machine, since the roUers may be made of wood, having 
strips ot metal let into grooves out in such wood, while the outer edges 
of such strips are rounded, and left, projecting above the surface of the 
same, and these will answer quite as well as the form of tooth shewn at 
F. It must nevertheless be observed, that whatever form of tooth be 
adopted, the teeth must be so shiiped and disposed with regard to each 
other, as to have considerable play between them in order to admit the 
flax-stem which is intended to be broken and prepared. 

The upper piece, E, of the machine, which carries the upper conical 
roller, D, is fixed or attached to the main frame, A A A A, by strong 
hinges, or any other movable joint, at G, and a rod of iron, or other 
sufficiently strong material. H H is attached at its upper end by a joint 
to the top piece, E, passes through a hole near I, and is fixed at its lower 
end by another joint, K, to the treadle or lever, K L, which turns upon 
the joint or binges MM. A spring or weight (the patentee prefergthe 
former,) is applied to the machine in such manner, that its action will al- 
ways keep the upper piece, £, and, conseauently, the upper roller, D, in 
an elevated or raised position above the lower rollers, B and 0, when 
the machine is not in action, and of course the end L, of the treadle, will 
also be rmsed, which admits of the flax being introduced between the rollers, 
viiS. over the two lower rollers, B and C, and under the upper roller, D, and 
a spring may be applied in a variety of ways, such as between the top piece £, 
and the top or platform of the machine at N ; or it may be a strong spiral 
wire spring, having its upper end fastened to the^ platform, while its 
lower extremity is fixed to the rod H H, round which it coils, as at O, 
or it may be plat cd uiiuer the end, L, of the treadle ; but in every cate, 
i>t8 strength must be uo more than will be sufficient to raise the upper 
roller, D, about two inches from the lower rollers, otherwise it will oc- 
casion uuncccsbary fatigue to the person working the machine. 

The manner of using the machine is as follows : — ^The upper and lower 
rollers being separated as aforesaid, a small handful of driea flax or hemp- 
stems is to be introduced between them, and held extended by the two 
hands while rollers are brought t<tfether by the pressure or filie foot 
upon L. While that pressure is continued, the flax or hemp is to be 
drawn backwards and tbpwards, by'^ hand, between the rollers In a 
direction at right anglei to the axie of the rollers, and eventually with- 
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drawn by ])ulling with one hand only. The foot is now to be removed tin* 
tit the hemp is again replaced ; i^nd-e^ end is in this way to be 

drawn several iihws through the machine until such ends are re8pecti\cly 
finished! 

L)» each tittie*that the fiax^otr hemp is in^(^fi4^ between the rollers, 
<and regtilatiiw such pressu^ accbroing to the^pxocess of the work), the 
flax or hemp tnll soon be sumrientlv worjketL iibd*ihe fibre brought into a 
eufflcicntly clean and divided state for bl^lwag,. or if it be required to 
spin it in the yellow state, it ttmf he fnade^'f lantly fine by a longer 
continuation df ih# same process, 'partienfini^ Jf worked between the 
smaller ends of the rollers. « 

Indeed, it is recommended that the o^atkm shottld, in all cases, be 
commenced and continued to some dine with thti^l^er part of the rol* 
Icrs, and finished with their smaller ends. In this point of \iew, the 
invention of conical rolleis will be found of |[reat importance and use ; 
for as the fiutes, groove<i, or teeth, vary in their distance from each other 
at all points between the large and small ends so it becomes almost itiw 
possible for the workmen to draw the flax or hemp through such rollers 
in the same track; and thus thebieakingof the boon must be tmicb more 
irregular, and the fibre will be much more effectually cleansed than it can 
be by the flutes, grooves, or teeth of the cylinders, or other contrivances 
in former use. 

The reader being now acquainted with Mr. Bundy’s in- 
ventions for the breaking of hemp and flax, we shall next 
proceed to detail the modes resorted to for the effecting of 
the same objects by Mr. James Lee. 

Mr. Lee’s method consists of four parts. 

The machinery of the fi^st or that part of the invflntiiAi which relates to 
the breaking of the flax, is shewn by fig. 43S, audfig.4ST'. 439 represents 

the section of a milLbed, and fig. 437 a plan of the same. The bed of the 
miirshould be constructed of cast-iron, or any other fit material, raised on 
masonry or brickwork, or by any other eligible mode of setuug Thiftbcd 
is to be cast or cut into grooves, flutes, notches, or teetli, in a radial dU 
rection from the centre. Into, or upon, this bed, is placed oue or more 
rollers with grooves, flutes, notches, or teeth, corresponding to thute^ of 
the bed. These rollers should be of very great weight, perhaps a* ton 
each, and revolve round the bed by means or tbeir axles, which are con- 
nected with machinery similarly to* the ordinary construction of milbi, and 
motion should be given by any of the usual powers usually applied to 
such purposes. 

The flax, hemp, or vegetable flbrous substances, being quite dry, 
ehould, in a raw state, be Sdd in or upon this beo, and submitted to the 
operation of bruising or crimping by the pressure of the rollers, which 
are mad^ to pass over it till tne woody particlne are separated from the 
fibre. 

AnOtbeV mode of breaking, invented by Mr. Lee, may be seen in fig. 
488, which is a side view of the machine. 

a a is the bed with indentations as before described ; and b b rollers, 
of which therd may be several, with teeth corresponding with those of 
the bed. The axes of these rouers are Attached tola box, intended to 
carry a considerable weight ; and the flax or hemp is laid in thebed> and 
operated upon by the box and rolterl traversing Avar it. and produeii^ 
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the effect uf breaking^ the woodv parta from the fibre. When the box 
haa travelled to one end of the bed, the flax or hemp majr Im remov^ 
from the other end when aufficienilj broken, and the bed be replenished 
with a fresh aupplf. The alternate traveral^fr motion la produced on the 
same principle aa that applied to Baker^a honaontd mangle. 

Fig. 439, ia an end view of the flame maehiiie, ahewing twobeda. The 
dhnenaions of this laat machine, die patentee propoaea, ahould be about 
*8ix feet six inches long in the bed, calculated^to hold two lengths of flax 
at the same time, so that when the box and rollers are at one end, the 
flax maj be removed at the other, ahd fresh flax be placed ready for the 
rollers in returning to operate upon. But in cases of hemp or other ve- 
getable fibrous substances, longer than the usual length of flax, one end 
only can be operated upon at a time. The rollers he proposes should be 
made from eight to fourteen inches in length, and their diameter not be 
less than four inches. The process of scraping off the wooden particles 
is effected by the machine called a scraper, and described in the specifi- 
cation of the patentee's former patent, dated 6th December, 181G. 

The second part of the invention, that is to say, die discharging of the 
coloured matter out of the nax, hemp, or other vegetable substances, the 
patentee performs bv means of either of the machines before described for 
breaking, although be gives preference to the plain rollers, for the purpose 
of discharging the colour out of the unsteeped flax or hemp, after they have 
been broken and scraped free from the woody particles. To effect this, 
a stream of water is allowed to flow into the bed ndiereon they are laid, 
and the rollers being put into action upon them, the coloured matter is 
squeezed out. It should be observed, that the sides of the bed must be 
raised so as to form a trough, in order to hold the water. This operation 
is commenced with cold water, and when that has been drawn off, the bed 
is replenished with warm water, into which a certain quantity of soap has 
been dissolved. This soap and water may be supplied bf a pipe from a 
boiler, and the operation may be continuea till the water is at the boiling 
heat, by which time the flax or hemp will have lost the coloured matter, 
and ha\e become perfectly soft and white; after which it must be 
washed and made perfectly dry, and submitted to the action of the first 
mentioned breaking machine. 

The third part of Mr. Lee's invention consists of a mode of dividing 
flax, hemp, or other vegetable fibrous substances, when prepared as above, 
and careiully hackled into equal lengths, so that each length may be 
operated upon with greater ^vantage bv the roving mar^hinery now ia 
use. In order to effect this, Mr. Lee provides a board, eighteen inches long 
and five inches wide, seen lengthways in fig. 440, and an end view m fig* 
441. On this board, at three or four inches apart, he places single rows of 
comb or hackle-teeth ; and upon this he lays the nax, hemp, &c., and, 
placing small weights to keep them flat, draws ont the longest ends by 
hand, laying them in distinct parcels according to their respective 
lengths ; he then reverses the piece of flax, hemp, &c. and pursues the 
same course with the opposite end. 

The fourth part of the invention is to draw the flax or hemp into a^ state 
which may be spun upon machinery, suffleientW fine for the fabrication of 
cambric, face, and equally fine articles. To effect this, Mr. Lee provides 
an apparatus similar to tne last, only the teeth are much finer. From the 
end of this he draws out a few fibres from the fiax, hemp, &o., and, ha^ng 
dipped his fingers in water, wets the fibres and rubs them together, which, 
by the glutine remaining in them will eause them to adhere and produce 
a fine and uniform eUpearsnae of Uaead, which may be spun upon nm^ 
chiAftKy* ^ 
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When the flax is intended to be bleached before it is 
spun^ Mr. Bundy has a patent contrivance for the acoom-^ 
plishmcnt of that purpose. 

It consists of certain trays or craflles to be moved in the water or other 
fluid, to be used tor the bleaching or whitening of the flax or hemp. 

The flax or hemp, after it has been broken and worked in the breaking 
and rubbing machine, invented bv Uiis gentleman, and which has beeif 
already described^ should be divided into small quantities of about one 
ounce each, and these should be tied loosely in Uie middle with a string, 
and in this state laid in the trays or cradles, and then be soaked in cold 
soft water for a day or two, when each parcel should be worked separately, 
while wet, through a machine, precisely similar to the breaking and rub- 
bing machine already describea, except only that the rollers should be 
^cylindrical, and made entirely of wood with metal axles, and tlie teeth, 
which will be parallel, should be similar in form tt) those shewn in section 
at F. This operation will loosen the gluten and colouring matter for the 
rinsing and wringing which must follow. The flax must then be again 
disposed in aflat and -smooth manner, in such* trays or cradles, and again 
ba put to soak in sufficient soft water to cover it, m which a small quantity 
of soap, in tlie propot lion of about seven pounds of soap, to eacn 
hundred-weight of flax, has been previously dissolved, and in this state 
it should remain for two or three days longer, and then be again worked 
through the machine, and rinsed with clear water and wrung, which will 
render it sufficiently clean and white for mobt purposes. But if it be re- 
quired to be still softer, for spinning into yarn of the finest quality, it 
must be boiled in a very large quantity of soft wate**, with the same or a 
larger proportion of soap, for half an hour or more, and then be rinsed, 
after which it must be carefully and thoroughly dried. When it is j^uite 
dry, it should be worked through the breaking mnchine before described, 
with conical rollers, to open it sufficiently for hackling or dressing. 

The wooden trays or cradles should be shallow, each being about one 
inch in depth, and of sufficient length to hold the materials : they must 
have open lath bottoms, and a single course or layer of the flax, tied in 
parcels as aforesaid, occupies one tray ; other trays of the same descrip- 
tion are to bo piled or placed upon this, and so on to auy convenient num- 
ber of trays, until ibe soaking-tubs or boilers are sufficiently filled. These 
trays nrust be tied, or otherwise attached together, and are to be moved 
quickly up and down in the water, either by . id .w* by machinery. By 
their construction, it is evident that the wat will have access to every 
part^ofthe flax, which will have room to rise ana suell, without any danger 
of entanglement, while, by the motion, the clcansim^ irocess will be much 
.more eflectuall^v carrietl on than it lias hitherto been by simply washing, 
soaking, or boiling, without it. 

It is alrai»8t needless to observe, that tlic trays and soaking vessels 
must be composed of such wood or materials as will not stain the flax ; 
and that the height and dimensions of the breaking-machine must be 
suited to the person working it. In fig. Q, the conical rollers are drawn 
one-third of the size which the patentee found most corvenieut ; viz. 
seven inches long in the working part, three and a half inches diameter 
at the largest end, and tao inches diameter at the smallest end. 

The flax, after it has undergone the process of break- 
ing, is ready for the hackic, which is an instrument or tool 
/Jpiistructed for the purpose^ of hackling or ^straightens 
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ing the fibres of the flax. It is represoited by figs. 440> 
and 449. 

It 18 a square flat piece of wood» as seen at A aod B. ‘When used, it 
is flrmly fixed to a bench before the nrorkman, who 'strikes tho flax upon 
the teeth of the hackle, and draws it quickly through the teeth . To per- 
sons unacquainted with this kind of work, this may seem a very simple 
operation ; but in fact it requires as much practice to acquire the methiHl 
of hacklingf well, and without wasting the flax, as any other operation in 
the whole manufauture^of linen. The workmen use tine, or coarser and 
wider teethed hackles, according to the quality of the flax ; generally 
putting the flax through two battles, a coarser one at first, and then a 
finer one in finishing it. ^ 

About the year 1787j Messrs. Kendrew and Porthouse, of 
Darlington, obtained a patent for spinning a flaxen thread by 
means of machinery ; prior to that time, wc believe, the rock 
f(nd wheel, variously modified, occasiondlyfor superior spin- 
ners to form two tlweads at once, were universally employed. 
In Ireland especially, even at^the present day, this method 
is much practised. The flax, rendered straight and smooth 
by hackling, is wrapped loosely round the rock, from which 
it is gradually drawn by the left hand, whilst the thumb and 
fore- finger of the right, moistened with water, are employed 
in accosting the fibres, and directing the thread. A bobbin 
and flyer, placed upon a horizontal spindle, serve to give the 
twist, and to take up the finished thread ; their motion is 
derived from a wheel, impelled by the fool through a treadle 
and crarik, by means of an endless-band passing round a 
pulley of much smaller diameter, which is fixed upon the 
spindle. 

The straightness and smoothness of the fibres of flax, so 
different fror^ the corrugation and adhesiveness of cotton 
and wool, wicn their extraordinary length, seemed to tle*- 
mand an arran^ nent in 'machine-spinning very different 
from what has already delineated. 

In the pa ^nt alludea to, the hackled flax was extended upon a hori- 
zontal frame, at fig. 410*, to be carried between the rollers B h, and after- 
war(}s to pass along with the cylinder C, (rei^olving with a velocity equal 
to that of any point of the circumference of B,) under several successive 
rollers, until it arrived at the drawing-rollers D d; the twist and removal 
of the thread then taking place by the flyer and bobbin, as before described. 
The rollers "'a, F, G, H, 1, if of equal weights, will, on account of their re- 
spective positions, press with unequal force ; the one resting upon the /ver- 
tex of the cjdindt . being evidently the most efficacious, and with the sur- 
flice beneath'acting probably the part of a pair of holding-rollers to fibres 
of the length of nearly one-fourth of the circumference ; whilst for fibres 
which are longer or bhorter, the other lolleis, according to their place, will 
answer the same purpose. In, this however, there is no new principle ; 
ana although luoaificd, it amounts merely to the operation of holding and 
drawing rollers. From some itnpc|fl||||nt9 thruwu in the way of the Scoteh 
flax-spinners by the patentees ben^Pbentioned, they began, we b^ore, 
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in no long 'time, to pLice their rollers in n straight line, at distances 
suitable to the length of the fibres. Of the excel&nce of this arrange^ 
ment a working model made for the Andersonian Institution in Glasgow, 
lu the year 1808 , afiforded sufficient evidence. 


WEAVING. 

In the preceding articles^ cotton, wool, silk^ and flax, we 
have traced the process of forming the four commonest fibrous 
materials to the state of thread or yarn^ and now purpose, 
in general terms, to treat of their further destination in the 
formation of the various superficial structures termed web or 
cloth. 

The structures which come under the name of cloth are 
formed of two distinct layers of yarns, generally crossing each 
other at right angles, termed tiie warp, and the woof or weft; 
and as all cloths, however varied, are constructed of these 
two distinct portions of threads, tiie mind will, when made 
to comprehend the mode and form of loom used in the weav- 
ing of one material, be able easily to conceive its application 
to other sorts, varying only in dimensions and strength, 
according as the weight of the yam or size of the cloth may 
demand. 

Prior to commencing the weaving of any material, it is 
necessary to prepare Ae vara for the loom, one process of 
which preparation is, in ^t, the measuring and arranging 
the threads that are to compose the warp in a parallel direc- 
tion, termed warping. 

The warp, or t^t layer of threads which extends the length 
of the piece to be woven, requires the most attention in the 
preparation. To form a warp, it is necessary to be very 
particular in the number and quality of the yams ; for upon 
their fineness, lengthy and breadth, depend the fineness^ 
length, and breadth of the piece to be woven. Though this 
may appear a very simple operation, yet, the performing of 
it with expedition and accuracy demands some mechamcal 
skill. The machine for effecting this object is termed the 
warping-mill, and, though considerably wger, may be com- 
pared to the reel descrioed in the cotton manuCacture : but 
the spindle upon which it revolves is placed perpendicularly. 
The reel cannot easily be made of such dimensions that a 
thread measured upon its circumference shall be equal to the 
required length of the warp ; and consequently the layer of 
yams is placed in a direction parallel to the axis of tbe ree^ 
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i&nd wmnd upon it in a apind direction till they arrive at the 
upper end^ 'Wiieii the motions of the mHl snd the yarns ai^ 
reversed^ and a fresh layer is placed upon the same parts of 
the reel. By this method of plying the layers of yarn, it is 
obfious, that a small number of ends may be doubled so as 
tb form the required breadth of the warp. If the twist is 
spun on cops, it must, prior to warping, be wound on bobbins, 
which bobbins afe placed in a frame to be ^ wound off upon 
the warping-mill. 

The next operation to *be effected in the manufacture of 
cotton goods IS that of dressing the warp ; that is, impreg- 
nating it with certain gummy or gelatinous matter, and coating 
the surface of the yarns, to enable the warp to sustain the 
abrasion to which it is subjected in the process of weaving, 
as will be seen when that process is described. In preparing 
the wool and silk yarns for the looms, dressing is in ffiueral 
only required for the finest sort, when a little mucUage of 
gum arabic, or of jelly made from rabbit or other light skins, 
is used to increase in a slight degree the tenacity. 

As it is of considerable importance in the dressing of warps 
to have the materials dispersed ^ually over the surfaces, 
many ingenious mechanics have constructed machines for that 
purpose ; the general principle of which are the placing of 
the warp on a roller, and immersing it in the mucilage, 
which allows it to be drawn off covered with mucilaginous 
matter. The superfluous mucilage is brushed off, and the 
yarn is put in a frame, and by means of revolving fans is 
dried and rendered fit to be put in the loom. In cases 
w’here the manjufactiirer operates separately, the weaver 
dresses the warp, by extending and carefully brushing it over 
with paste, and drying it in the air, prior to placing it in the 
loom. 

Before wc proceed to give a description of the looms used 
in the manufacture of cloth, it is requisite that the reader 
should be acquainted with the various sorts of structure arising 
from the different dispositions of the warp and weft, termed 
fabric. 

The simplest mode of disposing of the warp and weft^ is 
called common fabric ; and taking into account &e quantity 
of yarn used for a given superficies of cloth, is certainly, 
so rar as respects its strength and durability, the most advan- 
tageous mode of distributing it. 

Fig. 412 is a section of a piece of cloth wove in the common fahne. 
The circles represent the waip in section, and the weft is seen passing 
alternately above and below et(A succeeding yarn, and the retum, or next 
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iajer ofmfllt powiiig be^eadt Aom UitwcU ovUr wbioh it bad [wmthefow, 
and vice vend. 

Fig. 413 represents a section of a piece of cloth wore to a twilled 
pattern. In> this the yam of the weft passes alternately orer four and 
under one of Uie threads of the i^arp, and vice vend in its retu^ 

Fig. 414 represents the section of a dimity or kerseymere^ in whieHthe 
weft passes over four and under four, then over one and under four, and 
over tour and under one, which places it in a position to begin awn ; when 
th^assage of the weft, as it regards the warn, is exactly reversed. 

frg. 415 shows the construction of a doitoie doth woven with two warps. 
This mode of weaving is mostly applied to the construction of carpets, and 
the transposition of the colours in toe pattern arises from it. All tne divers 
modes of passing the weft among the warp may be introduced in this 
figure, and whatever is effected with one web of warp is alternately effected 
with the other, as may be seen by the figure. Tt^is therefore easy to 
conceive, that all the various patterns in woven goods are obtained by 
difierently disposing of the warp, that is, lifting a greater or smaller quan« 
tity of it at a time, which places the weft on either surtoce of the cloth at 
pleasure. 

Then common loom, or that which is destined to weave cloth of the 
common fabric, is the most simple in its construction, as the mode of lifting 
and depressing the portions of the warp are similar at each throw of the 
shuttle. A top view of a loom of this description is given in fig, 416. 

A is a warp. 

B a roller upon which the warp is wound, called the yarn-beam, and 
applied to maintain the warp in^a stretched position by means of a lever 
passing through one of its. ends and tightened with a string, as will be 
more dearly understood by referring to toe perpendicular section at No. 2 
of jthis figure. 

C C C are rods placed between the threads of the warp to keep them 
separate, so that they may pass forward clear of each other, when the 
warp is fed forward and filfed with the weft, these rods are at different 
periods moved towards the warp-roller B. 

At D are the heald or heddles, formed of two rods, one above and die 
other below the piece, and connected together by numerous strings, 
through which distinct portions of the warp pass, and by means of the 
treadles below are lifted and depressed. A detached view of two leaves of 
a heddlc is represented in section in fig, 417. 

a a, a^, are the top and bottom bars, and the two lines rfi tfl represent 
two adjacent yams of the warp, so that when a a nses it carries with it 
one thread, while the other thread which is passed through the lower loop 
of Ais heddle is depressed by the other heddles. The next part, £, fig. 416, 
is a frame to carry the reed, called the lay. A portion of the reed is shown 
detached in fig. 418. It is, except when used in cloth of the coarsest 
description, formed of flatted wires, placed parallel to each other, and 
governed, as to their thickness and adjacency, oy the fineness of the fabric 
in which they are to be used. 

The lay, fig. 4^6, which carries the reed, is bung from a bar capable of 
vibrating on gudgeons in the upper frame of the loom. The two thin 
elastic pieces pf wood which suspend the lay are called swords, and may be 
seen at F^, P, fig. 419. The reed thus hung is just beyond the linepf the 
sWtle-flight, and has one or two threads of the warp passed between each 
of its wires, which wires* are termed dents. Its use is to str^ home the 
thread sff the weft immediately after it has been delivered by toe flight of 
die eli^ittlet it is th^ore pushed by the weaver towards the yarn-beam. 
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prior to each flight of tho shuttle, and when the weft has beeja delivered, it 
IS allowed to return and strike home that individual thread ^ 

The next part of the loom is the shutde-boxes, which are placed at F, F. 
In weaving narrow goods, the shuttle is passed between the warp by the 
hands of the weaver, but when the cloth is fine, or of a breadth to precliide 
this m^e, the fly^shuttle, which is much more compact, and has a spindle 
to carry %cop upon it, is introduced. This Ibrm of shuttle is represented 
in fig 420. The shuttle with its cop is placed m the shuttle-box, winch is 
of dimensions just sufficient to receive it. In fig. 419 is repiesented the 
reed andji^lay at F*F^. Thd shuttle is driven to the opposite boxes by 
meins of a^small piece of wood, called a driver, which lies behind the 
shuttle in each box, and is capable of being swiftly diawn forward b} a 
string attached to it, and connected with a handle, G Tlie weaver holds 
the handle in his hand, and by a jerk throws the shuttle across the web 
into the opposite box, and then, by bnnging the lay towards him, strikes 
home the weft The flight of the snuttle requires ^justment or skill, as 
Its impetus must be proportioned to the weight (Mf the yam which it carnes, 
and the freedom with wnich the cop unwm<& 

If two or three colours of weft are to be put into a piece, so as to form a 
pattern, tlierc are two or three shuttles to be thrown; in such case, the 
shuttle-boxes are formed m thiee parts, as represented by the dotted lines 
This combination ot shuttle-boxes is capable of being moved upwards and 
downwards upon the lay by the small levers, H, H, fixed upon the swords, 
and worked by the handle I, so that the shuttle to be thrown may be 
bi ought opposite to the division in the warp through which it is to fly 
As the cloth is perfected, it is led over the breast-beam K, fig 416, and 
IS, by means of a ratchet wheel, wound upon the roller L, which is termed 
the cloth-beam At nt is a stretching-rod, formed of two pieces, and lashed 
with a piece of band, m such manner, that the ends are forced outwards, 
as may be seen in the figure This rod has small points at each end, which 
pass through the selvage of the cloth, and serve to keep the cloth stretched, 
as otherwise the action of the weft would occasion it to pucker and lay in 
hollows Tlie weaver sits behind the breast-beam, and in fine work, 
where the breast-beam is dispensed with, behind the cloth-roller. 

Such is the construction of loom used in plain-weaving; 
and by examining it attentively it will be seen^ that bv an 
additional number of heddles any required movements of the 
warp can be effected^ and by varieties of weft other diversifi- 
cations attained almost to infinity* The greatest skill required 
in the act of weaving by hand is the directing of the flight of 
the shuttle, where the impetus riven should just sufiice to 
deliver it in the opposite box* The striking borne of the 
weft should be done with a regular force, and uie preparatory 
operations careftilly attended to, that the warp may wind on 
freely and regularly with an equal tension in all its parts. 

Fiom an examination of the movements of so simple a 
machine as the loom, the mechanist will instantly conceive 
the practicability of applying power to produce the necessary 
movements ; we shall, therefore, present the reader with two 
combinations of this class whien are called power-looms: 
the first invented by a Mr. Miliar. ^ 
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Fig. 42 1 represents a section of a power-loom, in whidi all the operations 
are effected means of treadles, moved by wipers or eccentrics. 

A, the mmn shaft, to which the power is commanicated, carrying the 
Wipers, one of which is seen at A. AS the yarn-beam ; B, three rollers, on 
the lower of which the cloth is wound after passing above and between the 
two upper ones ; C, C, the heddles ; D, D, the treadles, to which the J^eddlcs 
are attached by means of a line passing over a pulley, in such m|mner, that 
tne depression of one heddle occasions die raising of the other ; £, £, the 
lay carrying the reed ; the motion is given to the lay by a wiper moving a 
treadle that is attached to the lay by medhs of the line an(^ crank at 
F. The return motion for striking home the weft is given^y a weight 
hanging over a pulley, as may be seen in the figure, llie flight of 
the shuttle is ocra«ioiied by attaching the strings from the drivers to 
another treadle, which treadle is worked at the proper periods by another 
wiper. 

Another form of power-loom, called the crank-loom, is 
used, and varies from the preceding in the mode by which 
the movement is given to the heddles. In this construction 
of loom the revolving shaft is placed immediately under tlie 
heddles, which are suspended over a pulley similarly to the 
loom last described; but the motion is given to them by 
means of their being attached to two opposite cranks on the 
shaft. The motion is given to the lay by a crank upon ano- 
ther shaft, which is made to revolve twice, while the shaft 
that moves the heddles revolves once. By this, it is evident, 
that the warp is opened, and the shuttle thrown twice, during 
one revolution of the first shaft. 

The flight is given to the shuttle by the cords of the drivers being allached 
to an upright lever, as represented in fig. 422. 

The cords, c, c, of the drivers are attached to the lever, c, which, by 
means of the arms, h, i, is caused to vibrate in opposite directions upon 
the centre, ff, being alternately struck, by two projecting pieces upon the 
first mentioned cAink-shaft, which causes the lever, s, to vibrate in a plane 
parallel to the crank-shafts, and gives flight to the shuttle, at the period 
when the warp is opened. 

In either of these jplans for working looms by power, if the 
number of heddles is required to be increased, in order to 
produce any figure, it is easily effected, by varying the 
number and the position of the cranks or wipers. 

But, though great variations in the movements of a warp 
may be effected by using many heddles, yet when the number 
of neddles and the number of cranks are increased, great 
objections arise to their being used; consequently, ano- 
ther coDfltruction loom, called the draw-loopi, is intro- 
duced when compliesated figures are to be woven. In this 
loom the changes are effected by raising one portion of the 
waxp entisdj^ out of the way, while4;he other is wrought by 
the heddles at the tim^ it is being filled with the weft; the 
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part raised is t;hen lowered into worki and other yaras (d'the 
warp lifted out the way. 

A lo6in oil thi4 prAicipIfr is shown in fig. 423. For weaTing oaxpets by 
this inethod, every yam of ihe wav^ bae a line attadied to>it» vilach 
are btouaht together ra one -eonnccted pieoe^ according to the portion of 
warn to be raised at once, and earned over the pulleys as at and attached 
to the fixed beam at B. This portion is called the tail. Below the warp 
these lines, which are called the simples, are kept in j|^ate of tension by 
weights, as at C ; and in ordA to kttp them distinctlMpart, are made to 


weights, as at C ; and in ordA to keem them distinctiSnpart, are made to 
pass through a b<^rd perforated with lu^es at D. Other lines aie attach^ 
to the Mai, capable of being pulled by handles, as at £, by which means, 
tucb portions of the wkrp as are required can be raised. By this oOntnv- 
ance the greatest mtncacy of pattern can be attained ; but the attadnng of 
the simples to the different parts of the warp, by means of small eyes of 
metal through which the threads of the warp are made to pass, is a work of 
considerable labour. Damask table-cloths are produced by this loom. 

It would occupy too much room were we to enter with 
more exactness into the great variety of looms which ingenuity 
has constructed ; what we have said therefore trust will be 
sufficient to convey to the reader a perfect knowledge of the 
principles of forming those various fabrics which are termed 
cloth. Id the weaving 6{ ribands and other ornamental 
worksj many extraneous substancesy totally unconnected with 
the warp or weft, are thrown in, which affords the designers 
an additional scope for the display of embellishments. These 
substances are merely held in the fabric by the intersection 
of the two staple parts, the warp and the weft, and are by 
the weavers denominated whips. 

In the formation of cloth from the yam of cotton, silk, 
hemp, and long wool, denominated worsted^ the fabric when 
taken from the loom is, so far as regards l^e weaving, in a 
perfect state ; the further operations, both mechanical and 
chemical, which it undergoes, may properly be considered as 
tending merely to its further embellishment. These opera* 
lions consist generally of singeing the superfluous fibres from 
Ihe sui^ce of the cloth, by drawing it over hot irons, and 
^er bleaching or dyifig, submitting the cotton and linen 
goods to pressure between heavy iron cylinders, for the pur- 
pose of giting it h gloss, and the worsted^ called camblets or 
stuffs, between warm copper-plates, called hot-pressing, to 
give it a 8|SttK>th and finished mpettrancOA 

In the fennStlon of doth fmm abort wcbl, of which our 
wearihg 'awsrel' is made, the ldom> cannot be said similarly 
to We cbWleted the opeHU&m. in this branch of manu- 


Adiml theVAmr Sa 'wmn in ft common loom in the manner 
ihoum, andienlted^ctmflofion fobric, but when the 
j^ieOelS taken from the loom the web is too loose and opei^ 
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andtftoomequcDtly sobmitted to anotbef opferatiOBjbiriled 
fulling', or milling. The cloth, after it is, by reputed wai^* 
ings, divested of the oil that was put in it in the act of 
carding the wool, is taken t<f the iulling>mill, where it is 
wet with soap and water, and snbiected to repeated cOm** 
pressions by the action of a large beater formed of "ivodd,' 
called a stock, ^ich repeatedly changes the position of the 
cloth, and by i^eontinuons action Mates the fibres to felt 
and combine more closely tocher, So that the stability of 
the texture is greatly improved. ^ 

The cloth then undeigoes the operation of the gig-mill, 
which is formed of a cylinder, somewhat siihilar to that of 
a carding-engine, covered with the heads or burs of a laige 
siiecics of thistle, called teasels. The cloth is strained on 
this engine, and by continued running up and down, the 
fibres or nap is raised and laid in a parallel diiection : it is 
then cut close by shears, and afterwards submitted to the 
dyer, if so destined ; but in many colours, for the best cloths, 
this process is effected in the wool, prior to the commence- 
ment of the manufacture. 

It is afterwards scoured, and again submitted to the gig- 
mill for raising, again cut by the shears, and then pressed 
for the market. - •<* - 

In trying the strength of cloth, it should always stand 
both in the direction of the warp and the weft; and the sub- 
stances of which all parts are formed should be known by. 
separate examination, and not by mere superficial inspec- 
tion, as the surface may easily be formed to hide defects, 
and display apparent value. 


HOPE-MAKINO; 

In rrnideriog the hemp-plant proper for the dsea of the 
rcqie-makm^ it has to undei^o a variety processes. ' ’ 
The fiiatxof these is retting, that is> exposif% it totte 
action ofiUtadett', or water ; the former tenSM Sewie^tingi 
the latter^ <'fay which the .finest hmnp.is produced, lea^ 
retting. Ip botii or either of thbse )»ocesSes) cli 

timhempis said to beinflaenoed by (he stateef tiiie 
aod'.tfae fiacst to'^lwproduMd whenahbwenlMVeittdMyf 
prevailed, ‘ 
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. In dew-rettingf the heinp-ataUuy immediately after being 
iP«Pe^» prjB.ap/^ out, in a thin, even, and npilar way# ao 
jaa to keep exact rowa, on a'fine levd piece of doae old award 
land, for the apace of three# aix, and sometimes dght weeks, 
asrcirc nmp taa pa e ina^ rMoice j during which, they are tamed 
two or three Umes m the week, according to tiie state of 
the atmo^here. 

The molire for thus spreading it out upon Ae ground is, 
thft the 4e^# by penetrating into the plants may render the 
separation of the rind from the stem or bur easy to be 
accomplished. When the dew has acted upon it sumdently 
for this purpose, it is tied up into larce bundles, and carried 
home and slacked, or otherwise it is put into a covered 
buUding, till wanted to be formed into hemp. 

This process, called grassing^ requires great nicety and 
attention, that the texture of the hemp may not be injured 
either by too long continuance on the awiq!d» or W being 
removed before the hempy substance is renftar^ sumdentiy 
separable. 

In water-rettingf the much more common and speedy 
method is, to tie the hemp-plant into small bundles, by 
means of bands at each end, and in genoral to deposit it 
handle upon bundle, in a direct and crossing manner, in a 
pond of standing water, to form what is called a bed of 
hemp. Tlus bed, when formed of as great a tiiickness as the 
deptn of the water will admi^ which some think can hardly 
be too great, though five or six feet are the uynal depths, is 
loaded with large pieces of heavy wood until the whole is 
immiped in the water. In choosing ponds, those should be 
prefmed that have clayey bottoms. 

When the hemp-plant has remained in the water for about 
five or six days, varied according to the nature of the pond 
and the state of the weather, ft, is taken out, and conveyed 
to a piece of mown grass or other sward land, which is free 
from all sorts of animals. Here the bundles are untied, and 
the hemp-stalks spread out thin, stem by stem. While in 
this state, eqiedally in moist weather, they must be carefully 
tamed, evwy seopxM day, to prevent thdr being figured by 
the wonn costs, bi this way they are k^ for abtwt five or six 
weekt, wheo.!th^ are gathered up# tie^ in ftrge bundles, and 
kept perfiect^^d^ in a house m; smw Stiudr, till wanted for use. 

iU spme.es the nertbem parts of Scotland, the hemp, after 
ft has been pulled, and eftared of its leavra, seed& and 
Ihp means el! a ia formed into bundles of 

ftf^bandfols eadi,«aii4 steeped ima manner similar to fia^ 

2h 
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titt its reed becomes capable of partii^ ftottitlie ftarlu la 
this pmcess, it is favourable to give it rather too moi^ than 
too little of time ; aad let it be observed^ that the most 
slender hemp requires the greatest leos^ of time in the 
water. Where the quantit3r of hemp is odIt smaU» the 
hempy part may be separated ftom the reed by hand-labour ] 
but where, it is large, diying and breaking it hi the manner 
of flax is strongly recommended. 

After the hemp has been token out of the Water, it is not 
spread oat upon the gras8-|[round in, the way of flax; but 
set up in an inclined positiim Ugunst cords ananged finr 
the purpose, or by any other metliod by whieh it can. receive 
the fun benefit ot the <ur till it be perfectly dried, which may 
be known by its rising in blisters from toe boon. As soon 
as it has been reeded, it must be divested ef the mhcilaginoua 
material which it contains, by pouring water upon and re- 
peatedly sqneering it. In this part of the process great care 
must be twen to prevent the fibres 6om getting entangled, 
as by that means great waste will be incurred. 

M. Brealle, on the Continent, has suggested a mode, very 
’ different to any of these, for the purpose of steeping hemp, 
the advantages of which, it is asserted, have been ^y proved 
by numerous trials. The process consists in heatii^ watffr 
in a vessel, or vat, to the temperature of from 7« to 7h 
degrees of Reaumer, and dissolving in it a quantity of green 
soap, in the proportion of 1 to 48 of the hemp : the body of 
the water bwg about forty times the weight o! tiie hen^. 
Vinben this preparation is made, the hemp is thrown into 
alid floats on the smfece, and the vessel bring immrifiately 
covered, the fire is put out. In tiiis state the hemp is altowen 
to remain for two hours, at the expiration of which time it 
will be found to be fiiUy steeped. 

The principal superiority of this metiiod, besides the g^eat 
saving of time ana expense, is said to consist in the hemp 
affording a greater proportion of tow. The value of tlm 
feel, as well as the time employed in the process, shoald, 
however, be well conridered in such cases. Besidm these, 
it is'said to promote theenltivati<mof the hempOMp^ by the 
fiicfflty wMdi'it affords to tile preparation, even in snrii 
sHuatioitk'as are not ctmtiguona to riven, 8txeanit,.ar pondii ; 
it idso'^mtviateB any ^ consequences tiwt might pqsribly 
ensue fitom the putrid effluvia of'the atmeapheio, and the 
cormption of the waters, tndaced by iVvridcb laatars.nrifl 
known to destroy tite fiih eoatained ur dMNdii, aswlao toppole 
'hiltirifel'ttfTfae oMte tiifehdtBk fff'4beabc 
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Ip ecnsequeaec of the greet trouble aud ocpense ettendept 
upon thfrUroeesi of unitei^iettiBj^ tbehemp is ^quendy 1^ 
mt seed} u cu^ it is commooly stacked up and well 
cohered for the winter season, in order that it may be thinly 
spread oat in about January the foUpwing month. WWe 
th)B can beexeoated during die period of a snow, the hemp 
eomes inudrinore readily to a g(^ colour, and forma strong 
coarse cloths } but it is for.infoi&to that pulled in due season, 
and Which has undeigone the Water>retting operation. 

Variotas eoptrivaaees hare been made in the form of ponda 
and pits, for the steeping of hemp ; but the one which seems 
to possess the Uiost merit is described in the Norfolk Rqiort, 
as the invention of Mr. Rainbeard} by using of which, die 
hemp can be deposited in the pit, without toe necesrity of 
any person getting wet. The pond is an old marl-pit, 
with a regular slope from one ride, where the hemp is pre- 
pared, to toe depth of eight feet on the oth^ mdc* On toe 
slope, above toe water, the hemp is built into a square riack 
upon a frame of timber, of sucn a height as will float and 
bear a man without wetting his. feet : this is slid down upon 
toe frame into toe water, and a person on the opposite bank 
draws it to the spot where it is to be sunk. Mr. Rainbeard 
has found by experience, that the henq> does soonest at toe 
bottom, tma would not riiject to 16 feet of Water. By 
meant of this very useful contrivance he can put in a waggon- 
load in an hour. The sheaves are taken out one by one in 
toe usual way ; but it is suggested, that some more expedi- 
tious and simple contrivance, rither upon the primate of 
the lever, or some other, sboi^ be resorted to, for efirecting 
toe desir^ purpose. 

In preparing toe hemp for the hackly the work is executed 
chiefly by the beeUe, first using a coarse, and then a finer 
brSke s it qh^, however, be more expeditiously performed by 
the rollers of a lint-null. In either mode, shaking tlie hand- 
frds frequently with fwce is necessary.. In cases where toe 
plant has not been suflEiriently watered to loosen the rind, the 
operation of peetiiw must be performed by toe hand. 

Atmtoer methdd for efiboung this puipose is the hemp- 
mill, whirii Is nmeh nsed in America, it consists simply of 
frterge hmvy stone in toie form «f a sogar-loof, having the 
riUtiff'eim cut off. Thus diaped, it readily moves round 
'in a circio, wheH passing upcm a ^ane. The motion is 

S toe hK^nlSe of wnter on a whe^ and the hemp, 
bn tho'lbceiring floor of the nall,m,.by the weight 
ntomsof^stwb. aerfoctfy crnMed and broken. 
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Still, however, the fluted rollers of a lint-mill are th6 best 
means of performing the work, provided sufficient care be 
taken to guard against accidents. 

When the hemp has been completely broken, it is rab- 
mitted to another operation, called swingling, or scotching ; 
the intention of whidi is, to separate the reed from we 
hemp. This operation is sometimes performed by a labourer, 
who takes a handful of hemp In his left hand, and while 
holding it over the sharp edge of a board, strikes it with the 
fine edge of a long flat straight piece of wood, ilsuatlv termed 
a swingle-hand or scotcher; but this way is both laborious 
and temous, consequentiv, mills moved by water, having a 
number of scotchers fixed npon the same axle-tree, and ifiov- 
ing with great velocity, are much more frequently used. Hie 
work, in this case, is executed with much greater expedition, 
and for leas fatigue of the workman ; but the velocity of the 
mill occasions a great waste of hemp. 

Before the hemp prepared in this manner is subjected to 
the hackle, it mostly undergoes another process, termed 
beetling; by which We fibres of the hemp become more 
loosened and divided. The beetles employed with this 
intention are mo^ed 'by the power either of the hand or 
water, which may be considered best. 

The implements used in preparing hemp for the operation 
of spinning are so very similar to those described in the 
preparatory processes of the fiax-manufoctnre, that we do 
not consider it necessary to give more than a general descrip- 
tion of the processes ; we shw therefore conclude this article 
with an accurate descifotion of a patent, taken out bj 
Air. George Duncan, of uverpool, in Alaridi 1813, for his 
improvements in the diiforent stages of rope-making, and 
for certain machines adapted for the same. 

The first part of the process wlpch he has described, is 
that for spinning the yam for all hinds of cordage^ linet, 
and Uoine. 

In this part of the invention there are two railways, 
a^oinkig itM paralld with each other, fixed along the spm- 
ning-groung or rope-walk, from one end of it to tro diner. 
Upon each of these railways a machine for spmnibg the 
yarn is made to travei dtemately badcwards and forwds, 
one setthig off from the bottom of the grtinild at the 
time that the other sets off from the top/ and as they bow 
tmvel at the sihne rate, the former arrives at the top of the 
ground at the sdme thhe the latter arthrex at the bottmn. ' ’ 
Ihese q»iniiiiigi>iiiadflnes are in evei^ ret^ct tb 
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each other, and ate respectively funuahed*«iUi two seta o| 
twisting spindles ; one set being placed at one end of th# 
machine, with the boohs hici^ &e top of the spmning- 
nound; the other at the opposite end, with the hooka 
wing ^e bottom. The spionere emjdoyed in spinning with 
them are, accordingly, divided into two companies, and 
arranged similar to the machines; the one company at 
the top, the other at the bottom, of the ground. Hie number 
of spindles in each set of each machine should be equal, and 
aim equal with, or rather not fewer than, the number of 
spinners in each company ; or, in other words, as there are 
in each machine two equal sets of spindles, (four sets in all,) 
the number of separate spindles in the two madiines should 
not be fewer than double the whole number of spinners 
employed ; because one set only in each machine is occupied 
at the same time in spinning, the other set being in the 
mean time engaged in retuning the yarns last spun from it, 
and following them back to the winding-madiine. 

The manner in which the operation is TOrformed is as 
follows:— The spinning-machines are placed, as before de- 
scribed^ one at each end of the spinning-ground, on its respec- 
tive railway, ready to set om Each spinner of the two 
companies immediately attaches his hemp or flax to the 
spindle of the machine that is nearest to him ; and the motions 
of both machines, excepting those of that set of twisUng- 
spindles facing the opposite company, are then struck into 
geer, and each machine recedes from its own company, spin- 
ning and leaving the yam on separate guides or hooks as it 
proceeds onwards, the one down and the other up the ground, 
the one arriving and striking itself out of motion at the 
bottom, when the other arrives and strikes itself out of motion 
at the top. Each spinner of the two companies then detaches 
the yam in his hand from the hemp or flax which he was 
spinning, and fixes the end of the piece that is spun to a 
winding-up reel, in a machine stationed behind or near him, 
while me other end still remains attached to the spindle-hook 
of the machine on which it was spun, and which is now at 
the farther end of the ground. 

The machines have now changed their company ; that is, 
the mac^e which formerly belonged to the company at the 
top, now belongs to the company at the bottom ; and that 
which bdonged to the company at the bottom, belongs now 
to the contpany at the top. Each spinner, therefore, of both 
companies^ immediately attaches his hemp or flax to the 
spindles left vacant by the opposite company, and the motions 
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of the spindles to which the heosp or ftix is attached bdog 
^struck into gher^ the spinning proceeds as before ; dnmg 
Avhieh^ the respective windtipg-macbmes wind up thd yajms 
last spun^ regularly as the spinning-maebiue^ to whose spin* 
dies they are attached, and which have remained stationai79 
advances towards it from the other end. 

The spinning of the two sets of yam, and winding up* of 
the two last spun, being finished at one and the same time^ 
the whole machinery again stops, and each spinner, as before, 
immediately detaches the yam in his hand from the hemp or 
flax, and then detaches from one of the spindle-hooks of the 
spinning-machine just arrived, the yam which he bad on the 
former occasion spun, and which b^ just been wound up on 
one of the reels of the winding-machine, as closely the 
short length necessarily intervening between the spinning, and 
winding machines will allow. The two ends of these yarns 
he splices together, so that the yam just spun, lying on the 
guides or hooks rlong the whole length of the spinning- 
ground, is now ready to be wound up. The spinners then atta^ 
their hemp to the emptied hooks, the machines are again 
struck into motion, the spinning and winding go on as before, 
and the same procedure continues to be renewed each time. 

The general principle which constitutes this mode of opera-p 
tion, and consequent facilities of the invention, are^ that one 
set of spindles in each machine is always employed in spin- 
ning, while the yarns spun by and attached to the books of 
the other set at the opposite end of toe machine are winding 
up, so that every spinner is constantly kept at work in spin- 
ning, excepting the short interval when splicing the yam, 
and preparing to set on to spin. Throughout the whole of 
liie operation, therefore, whatever one of the spinning and 
the winding machines may be performing, and one of the 
company of spinners employed in doing, the other spinning 
and winding machines, and company of spinners, |^e, in 
every respect, similarly engaged. 

An endless rope, driver hy any external machinery, gives ^tbe 
travelling and twisting motions to both spinning-machines i 
and the whole of these motions are connected with bear 
a given proportion to each ..ther, capable of being ^iilaiied 
to suit me speed required. The two winding-mamiines ina'y 
also be driven by the endless rope. Ail or ^y of 
machines may, nevertheless, be driven by distinct enplpss 
ropes, or by any otlier method or methods In use foTj^^^ng 
locomotive machinery, provided the proportionate speed' be 
Jiept up. 
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The application of the rack, hereafter described. Trill 
tiiie ntost aecorate fi>r regolatinff the traveUing^movement of 
the signing or any othen mhcline, on a rope-Tralk ; but as 
the resistance in tlie present case is very trifling, the motion 

S 'ven to the truck-arheels of the spinning-machine, as shown in 
.e engravings, iriU answer the purpose at less expense. 

As a farther inmrovement,' Mr. Duncan invented an addi- 
ricnai ^iparatos fw giving an after-twist, which either may 
or may not he adopted. The object of this improvement is, 
to prevent the yams losing strength, which otherwise they 
do, by losing twist by the counter-twist of the strand, apd 
other subsequent operations. This is effected in a simple 
and conveidrat ttot, by continuing the twisting fur a sufficient 
length of time after the travelling piotion of the spinning- 
xnaclune has ceased $ by which means, an additional twist is 
l^ven to toe yams after they are spun to their full length ; 
and this is done while the spinnert are splicing them at toe 
other end of the spinning-g^und, and preparing again to set 
on to spin, without occupying any of their tiipe for the pur- 
pose. ^.e effect of this part of the invention for toe atter- 
twist has been produced in different w^ys by others; but by 
modes either so complicated «or expensive, as not to be con- 
veniently available in practice. 

The principal advanta^s to be derived from this method 
of minniw sre toe following : 

First, The dpinners are enabled, at much less expense, to 
spin a greater quantity of hand-spun yam than they can by 
any other method in toe same space of time ; because, except 
while splicing toe threads, they are constantly occupied m 
spinning ; and have neither to hook up the threads, nor to 
travel uo and down toe walk, so that their time and attention 
is solely confined to the delivering of the hemp or flax firom 
their hands. Ssoondly. The speed of toe spinning-machine, 
besides being uniform, is proportioned to the fiiU extent of 
work the spinners can conveniently accomplish, which, in 
some measure, compels them to produce the greatest possible 
jquanrity ; and as the machine is constructed so as to lift^ the 
uureads the hooks, and loUow them up to the winding- 
machine, little or no attendance it> required from wheel-boys 
or foflowers. Thirdly. The sp.nner8 are enabled, partly firom 
toeir whole skill and attention being confined to the one 
object, of rimply delivering toe hemp or fiax from their 
fingers, and partly firom the requisite degree of twist being 
'jl^ven by machinery, to produce a superior quality of jra^n. 
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And fourthly. The hemp to be epun by this machinery may 
either be dressed in the usual way^ or prepared and dressed 
on the hackling-machines^ which draw out the whole in 'a 
long sliver ; and in either casd it may be spun from the erld 
of Sie fibres^ by which means the strongest yam is formed* 
It may^' however^ be spun from the spinner^s waist, and with 
more convenienee than in the common way, because, by this 
method, the spinners remain always in a room at each end of 
the spinning-ground] consequently, the hemp is not so liable 
to be discomposed as when they have to travel up and down 
its whole length ] neither, for the same reason, is it so liable 
to be wasted. 

The expense attendant upon erecting the spinning ma- 
chinery, with all its connections, and the power requisite to 
drive it, .is comparatively trifling. In making the spinning 
machinery, various forms, or sha^s may be adopted, as they 
may be made to travel on railways on the ground, or on 
railways suspended from the beams of the rope-walk, dr fixed 
upon or above them, as may be thought proper ; and the 
disposition of the necessary machinery may be arranged and 
diversified to suit the situations of the railways, and the 
construction and conveniences of the rope-walk. 

The mode shown in figs« 469, 470, and 471, is most preferred by 
Mr, Duncan, merely because it occupies least room in proportion to the 
number of spindles the spinning-machines can employ, ^le whole width 
of a rope-walk, required l^ this mode, need not be more than six feet, except 
at each end, where, of course, sudicient width convenient for the spinners, 
and for the winding-machine and dressed hemp, must be allowed. In this 
narrow space no less than twenty-four threads may be constantly kept 
spinning at one time, and as many winding up ; so that besides every other 
advantage, the saving in the original cost of a spinning-ground 4 Dd this plan, 
and in the expense of covering it in, will be considerable. 

In the explanatioDs to the figs. 478 and 479^ is shown how other arrange- 
ments may be made by which the competent mechanic will be enabled to 
adapt or diversify the form of the macnines, and form and disposition of 
the machinery, to suit any situation in a ropery which is most convenient, 
or of little use for other purposes. 

In that part of the drawing, entitled ** Rope-spinning,*’ from A to B is 
supposed to be the spinning-ground, shown as broken on m the middle, for 
want of room to show it in mil length ; C C and C C, on each side Of the 
break, is one railway ; D D and D D the other. 

Fig. 46^ is a plan of one of the spinning-machines, at the top of the 
ground, on the railway C C. 

Fig. 470 is the other, exactly of the eame construction, at the bottom of 
the ground, on the railway 0 D ; and ' 

Fig. 471 is a side elevation. 

Though both machines are -precisely similar, yet some parts of the 
maddnery are omitted in some of the figures, that other parts may be seen 
more distinctly, and in none of the figures are the whofe shown together 
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£i Tvbcrever it occurs, shows the endless rope which drives both madiinesi 
and w the rollers or pullies suspended from the beams L over head, which 
guide and carry it. 

The same characters, in all the above figures, wherever they may be used, 
denote the same part. 

E fhows the framing of the machines. 

a and b two grooved shieeves, fastened upon the two upright shafis 
e and d, (as best seen in fig. 471,) driven contrary ways by means of the 
endless rope. 

The manner in which the rope goes round, and grasps the sheeves, and 
occasions their contrary motion, is best seen in fig. 470. 

In fig. 471, e and^ are two spur«wheels, fixed upon 'the shafts c and i/, 
with a view to equalize their motion. 

The twisting motions for each set of spindles are driven by their respec- 
tive shafts, which, at the same time, drive all the travelling motions. But 
the twisting motions for one end only are driven at a time ; for while the 
shaft that is nearest to the end from which the spinners are spinning, is 
driving the twisting motions of that set of spindles, together with all the 
^ travelling motions, the shaft nearest to the other end is not driving any, 
though both shafts are then revolving. 

g and h in the travelling motions are two pinions, upon loose rounds, 
alternately driving the wheel i, which is fast upon the short upright shaft A, 
and shown only in fig. 471. On the lower end of this shaft is the bevel- 
wheel /, driving, by means of another bevel-wheel, wi, the cross shaft n, upon 
one end of which are fastened the sheeves 1, 2, 3, and upon the other the 
sheeves 4, 5, 6, seen best in fig. 469* These sheeves are of different sizes, 
and one only at each end of the shaft is in use at a time^ o and p are the 
two axles of the truck-wheels, having the sheeves 7, 8, 9, fastened upon o, 
and upon p the sheeves 10, 11, 12, The four twck-wheels q are also fast- 
rned upon the shafts p and p, and motion is given to them by two belts j 
one driven from any one of the sheeves 1,2, 3, and the other from any one 
of the sheeves 4, 5, 6, each belt running upon its corresponding sheeve on 
the axles of the tiuck-wheel. The turning round of these axles impels, 
according to the motion given to them, the machine forward i which motion 
can, by the sheeves being of different sizes, be regulated as occasion may 


require. . , , . . . 

On the lower end qf the shafts c and d of the twisting motions are the 
sheeves r and s, on loose rounds, each in its turn carried about by catch- 
boxes, (as shall be hereafter explained,) and driving the upright rollers or 
cylinders G and H, by means ot belts going round the sheeves t wd v, fssU 
ened on the axles of the rollers. These lollers give motion to the twisting 
spindles by separate bands or belts passing round a whirl on each yindle ; 
in each machine are placed twenty-four spindles, twelve at each end, or six 
at each corner of each end, the positions of which are seen in figs. 469 ana 
470. In either of these figures, one spindle at each of the four 
only appears, the other five being ranged in a direct line underneath ; but 
the manner in which they range is seen in fig. 471. In fig. 471, 
one half of the number of spindles, appear on the nearest side; six, oi nait 
a set, at each end ; the other hal^ appear similarly situated on the opposite 
side. These two sets are alternately employed, the one in spinning, and 
the other in holding and following the yarns that are 
fig, 471, are ratchet-wheels and catches, placed on the ^les of the rollers 
G and H, to keep the yarns from untwisting when HP* - . 

Figs. 469 and 470 best show the earners, projecting 
which the twisting si>indtes run ; the form and use of them, and of 
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whirls aiid spindles^ are so obvious^ that it is not necessary to point them 
out in any of the figures by a distinmishing character of reference ; and, 
for the same reason, none of the bands or belts are marked. 

Having so far described the different motions and appurtenances of the 
spinning-machine, we shall now proceed more particularly to explain the 
manner in which they operate. 

By an inspection of ng. 471, it will be seen, that the catch of the catch- 
box 13 is in contact w*^ Uie catch of the pinion A, and the catch of the 
catch-box 14 with the catch of the she^ '^s 1, and that the catches of the 
boxes* 1 5 and: 16 are not in contact with the corresponding pinion ^ and 
^heeve r. 

i? and 16 are '^two separate levers, on' at each end of the machine, 
alternately used for striking into geer the catches above mentioned ; the 
lever 17 serving for the two boxes 13 aad 14, and the lever 18 for the two 
boxes 15 and 16. 19 and 20 act as swingers or lev'^rs from the joints 21 
and 22, having claw ends to grasp the catch-boxes 13 and 14 ; and being^ 
coupled with the main lever 17, by means of the connecting^d 23, move 
them either up or down. When in gt.er th^y are held firm by the sneck 24 1 
but on running against a fixture at one end of the spinning-ground, are > 
pulled back, which causes all the motions of the machine to stop. The 
machine, however, may at any time be stopped, as occasion may require, by 
pulling back the sneck by hand. Tlie two main levers 17 and 18 are so 
weighted at the handle end, that when disengaged from their snecks the 
catch-boxes always Hy out of geer. The machine is put in motion by raising 
the main lever into the sneck by band. All the machinery on each side of 
the wheel f, at each end of the machine, is precisely alike ; the descripbon 
therefore given of one epd may answer for the other. The twisting motions 
at each end are never in gear at the same time ; for those at one. end are 

S ed in spinning one aet of threa^^s, while those at the other, whose 
ies retain 'and follow up the other set of threads (last spun) to the 
winding-machine, remain at test. Ail the four catch-boxes, 1 3, 14, 15, and 
16, constantly go round with the shafts c and d, by means of feathers in the 
shafts acting in grooves in the box^s. 

When the catch-box 14 is in contact with the sheeve s, it gives motion 
to the set of twisting-spindles belonging to the roller H, at the same time 
its accompanying catch-box 13, by being in contact with the pinion A, 
gives a retiring or travelling movement to the whole machine, which is 
.effected by the wheel t communicating motion to the four truck-wheels, by 
the means which have been before described. The wheel t is common to 
fbotb pinions, being turned one way by ’one pinion, when the machine is 
^retiring from the top of the ground, and the contrary way by the other when 
it is retiring from the bottom of the ground ; consequently, the cross shaft n, 
which derives its motion from the wheel i, turns at the same time both the 
truck-wheel axles, one wav when retiring from the top, and the contraiy 
way when retiring from the bottom ; the shaft n being common to both 
track-wheel axles. 

Fig. 472 plan of a winding-machine, placed at the top of the spin- 
bi^^pound, ,bqntainmg twelve reels, corresponding with tne number o£ 
fpinms in spinning-machine. « 

Frg.'473 is a plan of a similar winding-m^hine, placed at the bottom oi 
Ihe ground, containing the same number of reels. Both these winding- 
machines are mounted so high above the ground as to allow the yarn wind- 
ing on them to pass over head, that the spinners may have room to move 
underneath. In the engraving they are placed rather nearer the ^inning- 
pdachines than they ought to be, from want of room in the plate, when sdl 
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the spindles of the two spinning-machines are^emplojred, one half in spin* 
ning and the other half m following up the yarns to the winding-macmnn, 
as has already been described, all the reels of both winding-machines are of 
course at the same time hilly employed in winding up. 

Fig. 474, at one end of the ground, shows a side view of the reels, placed 
on their spindles, a description of which is unnecessary, as the movements 
and construction of such machines are well known and understood. In the 
figure they are represented as only winding one yarn on efick reel, in order 
to explain the improved or patent method of rope-ms^ing; but more than 
one yam may be wound on any one of these, or any other kind of reel, that 
maybe used in my method of spinning, for the convenience of the common 
method of rope-making, or for other purposes. It is neither convenient, nor 
necessary, that the endless rope shoula cease motion, when the spinning- 
machines have arrived and struck themselves out of geer at the top and boU 
tom of the ground ; consequently we will suppose, that the eo^l^ rope is in 
motion, and all the other parts of the machine^ at rest, excepting the two 
shafts cand d, and their respective catch-boxes. The catch-boxes of each shaft 
in both machines are in the position of 15 aqd 16, as seen in fig. 471. Each 
spinner in the two opposite companies having now attached the hemp to the 
^mdles, nothing remains to be done but to raise by hand the lever 17, 
ifg. 471, (which in the engraving appears to be already done,) and the cprres* 
ponding lever in the opposite machine; which will cause ‘die spinning and 
winding to proceed in the manner already described. 

When the machines stop, each spinner splices his thread, and throws it on 
the nearest guide io keep it out of the way, and to conduct it to the wind- 
ing-machine. The grooved sheeves a and 5, on the top of the shafts c and d, 
to which the endless rope gives the first motion, may ne changed when re- 
quired for sheeves of a larger or smaller diameter^ mr the jiuipose of dimi* 

' nishing or increasing all the motions in a proportionate degree. For the same 
purpose the wheel or sheeve, which gives motion to the endles^ rope, may 
also have grooves of different diameters. The sheeves that may be changed 
for increasing or diminishing the twisting motions, are the four sheeves t r 
for one end of the machine, and v a for the other, as seen in fig. 471 . lo 
order to obtain more or less travelling motion, the belts may be made to Tuq 
cither on the sheeves 1 and 9, and 6 and 10, or on 2 and 8 and 5 and 11, 
or on 3 and 7 and 4 and 12, as seen in fig. 469. 

Fig. 475 (within which are figs. 476, 477, 476, and 479) represents an 
end view of a rope-ground building, set down as eighteen feet wide inside. 
It is merely divided into portions, to show some difierent modes of diversi- 
fying spinning-machines upon this principle, the different situations in which 
they may work, and the proportion of room they may occupy according to 
the number of spindles. 

Figs. 478 and 479 show end views of two forms of spinning-machines, 
different from each other, and from the one already desefioed; but all upon 
the same principle. The machine in fig. 478 is represented as moving on a 
llgilway M M, underneath the beam L, having spindled both above and be- 
low. The parts shown in the figure are as follows : N N two of the trucks 
wheels. O P the endless rope sheeves. Q one of the rollers for turning the 
spindles. R a sheeve on the end of the roller, answering the same purpose 
as t and v in fig. 471 . W part of a sheeve on the truck-wheel axle, answer- 
ing the same purpose as one of those on the axles o and p in figs^ 469 
470. The carriers, the whirls, the spindles, and their bands, in this machine 
are the same as in the spinning-machine already described ; and their situac- 
tions are so obvious, as not to require particular characters of reforence. 
Such part of the figure as consists of framing will be obvious. One side of 
the railway is fixed to the po'^t K ; the otliSr side is fixed and rests npoq 
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the iron fixture S, liangitig from the beam L, which also serves the same 
•purpose for the adjoining railway. X one of the guide pullies for the end- 
less rope. T a rail, (which may occasionally be removed,^ laid across, and 
answering the purpose of both railways, from post V to K, having upright 
pins at proper distances, for the purpose of bearing and keeping separate 
the yarns of the lower spindles. The hooks fixed to the under side of the 
beam L are to answer the same purpose for tlie yams of the upper spindles. 
In order to lav (lie yarns upon these hooks, a separate guide upon each 
spindle is fixed upright in a slender rail, fastened to, and projecting two or 
three feet from, and parallel with, each end of the machine. The shape oi 
these guides is the same as the hooks in the beam, with this exception, that 
each one has an eye at the point, to convey the yams in a slanting direction 
from the spindles, and to lay them upon their respective hooks in the beam 
when spinning, and also to lift them off when winding up. The manner in 
which the guides pass between the hooks may be seen in fig. 477, wheie a 
represents the projecting rail ; tlie guides, two only of which are marked ; 
it must here be understood, that the spindles are not opposite the eyes of 
their respective guides, but exactly opposite the upright part of them, and 
on a level with the eyes. There are many other ways by which the hooking 
Up of the yams may be effected, but the method just described is conceived 
to be the most simple. The space between the post V and the iron fixture S, 
is the room to be occupied by the other spinning-machine. 

The Spinning-machine, fig. 479, is represented as moving on a railway, 
laid upon the beam L. It will be seen that this machine is nothing more 
than the lower part of the one last described, having no spindles on the upper 
part. The guio^e pins are in this method driven into the beam. The empty 
i^ace to the right of this machine is the room to be occupied by its fellow. 
The letters of reference used in fig. 10, and its appurtenances, apply to the 
same parts whenever they are used in fig. 4H, and its appurtenances. 
Thougn these machines (the end views of which are shown in figs. 478 abd 
479) are different from each other in form and arrangement of machinery, 
and also from the form and arrangement of the one shown in figs. 469, 470, and 
471, yet the same principle of the travelling and twisting motions is appli- 
cable to all, and therefore it is unnecessary to enter into further explanations 
respecting them. 

rig. 480 shows the method of giving the after-twist. As the apparatus 
for this purpose is to be applied to each of the endless rope shafts m each 
machine, a description ot the apparatus as belonging to one of them may 
« be sufficient. This figure is a side view of the apparatus, and is represented 
as applied to the shaft d, in fig. 471 ; the same characters of reference there 
used oeing retained in the present figure, where they denote the same parts. 
The apparatus for the after-twist is merely an addition, which on the lower 
part of the figure consists of a catch on the under side of tlie sheeve s, a cor- 
responding catch and catch-box 25, carried round by the shAft, and the 
lever or swinger 26 to act on the catch-box. The rod 23 is lengthened, to 
connect this swinger with the other two. On the upper part of the fi^re 
is the remainder of the apparatus, consisting of a catch on the upper side of 
the catcli-box 13 ; the worm on a loose round on the shaft 27, with a catcJi 
on the under side, to operate Mith its coriesponding catch on the catch-box 
13 ; the screw-wheel 28 to act in the worm ; the arm 29, on a loose round 
on the axis of the screw-wheel, confined near the circumference of the 
wheel by the staple 30, but having play the widtli of the staple, the end 
of the arm farthest from the axis being intended to act on, and press dowQ^ 
the swinger 19; and the spring 31, fixed on the whee4 whjA presses 
against (he back of the arm. 

The whole of the machinery in the figure is represented put of the geer, 
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and is in the position as when ready to set off from one end of the spinning* 
ground, to follow tUie yams to the winding^machine. In that position it 
continues until it has arrived at the winding-machine, and the yams are 
disen^ed from the spindles when thl main lever 17 is lifted up by hand 
into the catch 24, for the purpose of putting the spinning and travelling mo- 
tions into gaer, as formerly described* By the raising up of this lever the 
swinger 19 is pulled down, and the arm 29 is thus disengaged, which hav- 
ing play within the staple, swings forward by its own weight, clear of the 
swinger, which is hollowed* or bent at that place for the purpose. The oh* 
ject of^&is is, that tlie arm may not be in the way of the swinger 19 the 
next time it ^s into geer with the worm. When the machine has returned 
to the other end of the ground, and the yams consequently are spun to their 
full length, the catch 24, on which the main lever rests, is thrown back by 
the machine going against a fixture in the ground, as has been Wore 
mentioned, and the, lever (being sufficiently weighted at the handle end) 
drops down, by which means the travelling motion is stopped. The twist- 
ing motion would also be stopped, were it not, (as will be sCen from the 
figure) that thouffh the catch-box 14 is thrown out of geer with the sheeve s 
on the upper sicte, the catch-box 25 will be at the same instant, and by the 
same movement, thrown into geer with it on the under side, so that the 
twisting motion continues, d^e under side of the catch-box 13, being 
thrown out of geer with the pinion h, (which stops the travelling motion) 
the upper side of it will be at the same instant, and by the same movement, 
thrown into geer with the worm 27, which consequentiy gives motion to the 
screw-wheel 28 ; the arm 29 ^which it v^ill be recollected is then hanging 
down) is also carried round with the wheel ; and when it comes in contact^ 
having nearly made one revolution with the swinger 19, it forces it down, 
and by this means puts the catch-box 25, as well as its own, out of geer, and 
causes the whole of the machinery to stop. The use of the spring 31 , press- 
ing against the back of the arin, is to cause it to force, as soon as the catches 
13 and 25 are out of geer, the swinger 19 a little further down, which it will 
then be enabled to do, in consequence of the resistance against it being de- 
creased ; the object of this is to prevent any Jarring of the catches when in 
that situation. The spring is prevented forcing too for by a stop. Another 
method of forcing the swinger thus much further down may be adopted, by 
fixing a pin or fang to project from the framing of the machine, so as the 
end of the spring above mentioned may come in contact with it a little be- 
fore the time when the arm begins to force down the swinger, in 5rder that 
the arm may be relieved from the pressure of the spring until the arm htui 
forced the swinger down nearly to the point of sending the catches out of geer, 
at which time me end of the spring, having got free of the pin, comes with 
a sudden blow against the back of the arm, and thus sends down the catches 
clear of those with which they were in geer ; the spring in this case also is 
prevented from forcing too for by means of a stop, Ihe time the screw- 
wheel is in going round is the time allowed for the after-trwist : but should 
one wheel not allow sufiicient time for the purpose the motion may be farther 
decreased, by any usual and well-known means, and dumge wheels may be 
applied to suit the different kinds of yam. 

In tempering the strands of all kinds of oordngejt whether 
shroud^ hawser, or ceb}e4aid, it is well known that from 
various causes an inequality tension between the dj^rent 
strands intended for the same rope takes pl^e, and is most 
coiomonlv apfiarent during or after the operation of h^eilingf 
some of the strands becoming too slack, others too tight, and 
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conaequenUy of unequal lengthi^ though tn^mally they 
may have been of equal lengthy and have receivra the save 
twisting or number of turns ^ jpaachinery of ti|ie mpst improved 
and pemct construction. In casw* therefore, where 
equimty appearSj the strands require to be rectified, by being' 
brought to an equal degree of tension, in orde^ thrt each 
may bear its equal portion of stnw in the rope when niade. 
The operation for effecting this oldect is commonly called 
tempering the strands ; and the memod in general|>ractice is 
to give more twist to a alack strand, ,or to twe twist out of a 
tight one, or to do both. In smne rope-grounds where the ma- 
chinery is driven by steam, or other contiderahie power, ^e 
method adopted is to give more twist to the slaw strands, 
which is done by stopping the twistiim of the tightest strand, 
by throwing its hook out of geer, and to keej^ It wmting in 
that position until the slack strands hare twtsfed up to the 
same tension. 

These metiiods in most cases are defective ; .because tike 
strand to which more twist is gp^en is thereby rendered less 
pliable, and is of smaller circumference ; consequently it can- 
not top or lay up in the rope evenly and regularly with the 
other strands i^ch have less twist } for the harder twisted 
one will in the rope sipk inwards, and the others stand out- 
wards and form more of a spiral roimd the harder twisted one, 
which will thereby have more than its proportionate strain 
in the rope to bear, and will also be least enabled, when 
under a strain, to stretch up, so as to avail itself of the as- 
sistance of the others, and oy consequmice must be the tirst 
to break. Should the inequality of tension be occasioned by 
any ominal inequality of thickness in the strands, the smallest 
one win, during the process of hardening, become the slack- 
est, and in tempering by twisting it up to the tension of tiie 
tightest, the inequtdity or size will by that means be Increased ; 
for the more it is twisted, the still smaller in circumference, 
as well as shorter in length, will it become. Bul^ supposing 
all the strands were originally of e^ual thickness, and that the 
inequality in tension proceeded entirely from an error in tiie 
original lengt^ j it is plain, that, by tempering according to 
tikC methods in quest^, (and no other methods, afteif the 
strands are fixed on the hooks, and the work has. commenced, 
can, byanyunaehineryfaitberto inuse,eonvenient^bsSd(qited,) 
the same defiaetive principle still t^Hes, which, by eausing 
one M^rand tb be haraer ttvisted, ana consequent^ to bSebme 
of a smaller size, and another to be softer twisteu, and to be- 
OMWB of akuger size, prevents the wbede firem jtdntly fonii^ 

I 
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a regular and perfect rope^ and to stretch equally when under 
a strain^ as already described. 

As a more conirenient^ accurate^ and certiun method^ than 
any hitherto practised^ appeared to be necessary, Mt> Dun- 
can uivented and adopted a neur mode tempering the 
strands of all kinds of cordage, whether shroud, hawser, or 
cable-laid : the nature and general principle of whi^ is, to 
cause anv one strand-hook of the foreboard, or foreboard-ma- 
chine, wnen the strand attached to it requires to be tightened, 
to recede from its corresponding opposite hook of the sledge 
or stranding machine, to wbibh the other end of the strand is 
attached j or when it requires to be slackened, to cause it to 
advance towards its corresponding oj[>posite hook, thus bring- 
ing all the strands to an equal tension, without one strand- 
hook making more revolutions than another. And, whi^ is of 
essential importance to this invention, the operation may be 
performed leisurely, as occasion may appear to require, exmer 
before, during, or after hardening the strands, without stop- 
ping the twisting, or other motions, or occasioning any inter- 
ruption to them whatever; and with more ease, minute 
accuracy, and useful effect, than by any other method yet 
practised for the purpose. 

In order more particularly to exemplify tuid illustrate this 
part of the invention, we have annexea engravings of the 
machinery which Mr. Duncan has contrived and adapted for 
the purpose. 

In ABC represent the upper part of the frahiing m which the 

machinery^placed at the foreboard, is nxea; C being the front of it, Sicing 
or looking dowiuthe rope-walk D » a toothed ^eel, receiving motion 
from any external machinery This wheel drives the other toothed wheel £> 
and either of them can be changed to suit the speed of the motiOki required. 
Tlie toothed wheel £ is fixed upon the axis of, and gives motion to, the 
toothed wheel or fluted cylinder F | which cylinder drives the four pinions 

2, 3, 4, whose axles, to the hooks of which the rope strands are attached 
when twisting and tempering, are the four strand hook spindles a, 6, c, d 
To answer the purpose of the in\ention, the strand hook spindles, besides 
having the rotative or twisting motion which we have already desenbed, 
are so contrived, for the tempering of the strands, that any one or more of 
theip may, while tlie twisting motion is or is not going on, be made to 
Alide, in a horizontal direction, parallel with the aue of the cylinder F 
along any part of its length, either backward or fojward, as shril now be 
explained. The strand h^ spifidles having to slide, as has been said, in 
a aireetion parallel to tbe axis of the cylinder, are of cooiiM placed m that 
direction, and so as theirptniona may pass each other. The pootiont of 
these pmiofia round the cylinder are seen m fig. 483^ which represents a 
j^nt view cf the machipeiy; tbe same reforences in each figure beingUsed 
^ depoth the same part. As all the four strand hook spiiriles, with ^eir 
iueompaAimeiits and immediate comtecUons; are preewriy the Caake^ a 
desenj^on of one will be sufficient ; we will therefore take the spi^t b, 
in fig 481. GH 18 a long or male screw, a few inches longer than tbe 
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cylinder, upon which is fitted the nut or female screw, having spokes or 
arms, to adroit of it being turned by hand. Joined fast to this long sciesf 
is a head-piece or claw within which a carrier or step is fitted, and in 
which the adjoining end of the stiand hook spindle revmves. Two collars, 
g and hi fitted on the spindle, one on each side the step, cause the sphidfe 
to accompany the long screw, either backward or forward, when moved by 
turning the nut e, the rotative motion of the spindle going on at the same 
time if required ; t and k are two steps or guides, fixed on the cross 
framing B and C, through which the spindle may pass and repass, and in 
which it also revolves ; I is a carrier o? the same aescription, fixed on the 
cross framing A, through whieh the long screw may pass and repass, bui' 
without revolving. Fast upon, and projecting from the head-piece/, and 
consequently accompanying the long screw and spindle in the sliding 
movement, (see the side view, fig. 483,) is the tongue m, th^ end or point of 
which IS fitted to pass along during that movement in a slot in tho rail n, 
fixed parallel with the long screw and spindle, between the tuo cross 
« bearers A and B. 

The object of this contrivance is to prevent the spindle 
(one end of which, as has-been shown, revolves within the 
head^piece of the long screw) from carrying round the screw 
along with it, and to keep the screw and its head-jnece at all 
times steady, and in a direct line with the spindle. For the 
purpose of keeping the long screw stationary in the situation 
to which it may have been last set, the pull of the strand on the 
hook (by pressing and abutting the screw-nut e against the 
back of the carrier /) will alw^s be found to be sufficient. 
The diameter of the cylinder F may be about two feet> and 
that of each of the fore pinions 1, 2, 3, 4, about one foot, 
more or less, according to the speed desired, and the discre- 
tion of the mechanic. The pitch of their teeth should be the 
same as that of the teeth of the cylinder. The le^th of the 
cylinder should at least be equal to the greatest difiference or 
inequality of length ever likely to take place between the 
slackest strand and the tightest strand intended for the same 
rope, previous to, or during, the operation of hardening, when 
they are both brought to an equal tension by tempering^ 
according to this method. The inequality of length, or, in 
other words, of tension, which takes pl^e in the strands 
during the process of hardening them, is generally found to be 
in proportion to their circumference, and is more in a set of 
the large strands than in the small. In rope-walks, therefore, 
where cordage of the largest size is manufactured for the use 
ofhis Mqjefity’s navy, the length of this cylinder should not 
be less tli^ four feet; but Mr. Duncan has found, by es:pe- 
rience. In manufacturing cordage for merchantmen of the 
matesi burthen, that few cases occurred where it was remiMte 
for the length to be more than three feet. In roj^e-^vaHcs 
where cordage on the common principle is manufactured, sofob 
additional length is necessary. Each of the four pimona jo 
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(asteficd upon the middle of the length of its strand hook 
spindle. Supposing^ therefore^ that the pinion 2 should he 
set so as to be eicactly at one end of the cylinder next to the 
cross hraming B, it must be enabled to slide along to the 
opposite etfd next the cross framing and also back again 
to d; for this purpose the spindle must always be kept in 
its steps or carriers^ i and Ar, which support it, and in which 
it both slides and revolves, and therefore it requires to be 
double the length of the cylinder, besides an addiuonal length 
equal to the spaces in its passage occupied by the nectary 
steps, framing, clearances, &c. The length of the longl&ew 
6 ll, and of the rail n, are each the length of the cylinder, 
and correspond with, or are a few inches longer than the 
sliding distance, to allow for steps, &c. as above* It has 
been shown, that the cylinder drives the four strand hook 
spindles, and that any one of them can be moved, by means 
of its screw, either backward or forward, without internipting 
its own rotatory motion, or the rotatory motion of any of the 
others ; the teeth of the pinions being for this pu^ose kept 
in geer with, while at the same time they are maoe to slide 
along between, the teeth, or in the flutings of the cylinder. 

Suppose, then, that the strdnds are attached to their 
respective hooks, and the pinions set so as to be all at an 
equal distance from each end of the cylinder, and all tbo 
strand hook spindleii going round, twisting and hardening 
the strands, the operation of tempering is performed merely 
by turning round, by hand, as often as required, any one or 
more of the screw-nuts either way about, as the case or cases 
may require, according as any one or more of the strands 
require slackeniw or.tightening for bringing them all to an 
equal tension. Thus, in order to slacken a tight strand, its 
hook must be advanced forward further from the front of the 
framing C ; and in order to tighten a slack strand, its book 
mu|t be drawn in, towards the framing* 

Fig. 484 is a side view, representing some variation in. the machineiy for 
effecting the sliding movement of the strand hook spindles on the same 

S rinciple, and answering the same purposes, as the plan in fig. 481, already 
escriW. After the descriptions and explanations already given, a 
very short account will be sufficient to make this fully understood : bis % 
strand hook spindle, similar to those in fig. 481, excepting that the pinion 
2 is not made fiut upon it, because it has to pass or slide through the lucla 
hole of the pinion. In ordes that the spindle may at the same Ume 
revolve with the pinion, the slot 10 is cut upon one side of the spindly 
(the length, of the slot being the sliding distance,) which slot receives a 
mther or k^ in the axle hole of the pinion, through which the slotted pM 
of the'spinw is to pass and tepass, as* occasion may mqatre, the f^W 
always reniihihig m ihe slot to carry * round and give the rotatoiy or 

2 F 



THE OPERATIVB MBCHANIC 


twisting motion to the spindle The parts /, g, and h are exactW the 
same as the patrts which have the same characters m fig. 481 I is a raca, (to 
answer the same purpose as the long screw m fig 481,) which the pinion o, 
by means of the hanale p, moves either backwara or forward The ratchet- 
wheel, 9 , and its catch, hold the rack and pinion stationary in the s ituati on 
to wlwh ^ey may be sea; fiand A are the stqis loWhi^ the 
revolves, and thvqim wiMltil also slides; rr are two rlpgs or wwhers. 


tile spindle ; s u a guide fr^ep for the rack to slide in, Inade square at 
the bottom, whiph reisers me tdngue and 8ldt,^slinWB « 
sary j|nie vAMi Xt rdeilHiig motion ainy external machinery, dnves 
the pMon2 Chhnge wheels, for varyS^^ may be. aj^tUed to 

tins method inthp same way as in fig 481. 

From what htis already' been described^ it wiU appear^ that 
the strand hOok spindle may^ by means of the rack 1 and 
pinion o, be drawn or slided either backward or forward, 
through its pinion 2, without interrupting its rotatory motion ; 
the pinion 2 always keeping in geer with the wheel K, by which 
it is driven, ana which latter may receive its motion from 
any external machinery. Referring, therefore, to the former 
description, it will be evident, wi^out further explanation, 
by what means the strands are to be tempered by this variation 
in the machinerjr. 

The reader will observe that there are two principle^by 
which the strands of cordage may be tempered or brought to 
an equal tension ; the one by causing ady one or more of the 
strand hook spindles either to advance or recede, whereby an 
equal tension will be effected without one spindle making more 
revolutions than another ; and the other, that of eausiiig any 
one or more of the strand hook spindles to be at rest while 
the others are revolving; whereby an^equal tension will be 
effected by an unequal number of revolutions. If one of 
these two principles only is to be adopted, Mr. Duncan 
prefers the former, as being generally more appropriate and 
effectual. As, however, it sometimes occurs in practice, 
that the application of the one principle, sometimes of 
the other, and sometimes of both, proves to. be the most 
proper and effectual remedy, Mr. Duncan has invented a 
still more perfect method, by which either or bodi of the 
jmneides may be practically applied in one set of mdchbiery. 
This jftject wwch bad never, we believe, been before aecoov 
plished, is effi^ed merely by applying to either of the two 
varieties of tn|j^nerjr before described, ah additional appa- 


ratus, so kin^s of cordage-strands may ^ethby be 

tempered, eitwr entirely, i,by the principle of causing any 


dm or 


the strand book 


pnncipj 

spindli 


les to advance or 
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recede I or entirely, by causing any one or mcfe of tl# 
strand hook spindles to be at rest while the others are 
reyolring ; or partly^ by the one and partly by the others 
according as the original cause occasioning the inequality of 
tension in the different strands may point out ; the whole, or 
aiiy part, of the operations goin^p on, either together or 
separately, as may be found convenmut, without interrqption 
to each oth^. 

Fi^. 485 is a plan showing the additiofaal taachiaeiy ibr tempering, by 
commnkig the two principles as adapted Ibr the first described machinety, 
represented in fig. 481. The difference between the maehintiy of fig. 481, 
and that of fig 485, consists chiefly in the latter having its pinion 2 loose 
upon the twisting spindle 5, but confined between two collars, which are 
fast upon the spindle. The reason of the pinion running on a loose round 
is, that it may be either put in or out of geer with the spindle, by means of 
the catch-box t and lever u. The catch-box has a slot, fitting a feather 
on the spindle, in order that it may revolve with it, as well as sbde in or 
out of geer, when moved by the lever. The ratchet-wheels v and w are 
fast upon the spindle, one having teeth cut the reverse of the other, that 
either of the two palls s and y may, When the spindle is thrown out of geer 
with the pinion, prevent the strands from untwisting, as otherwise the 
spindle would be at liberty to be acted upon by the force of twist already 
in the strand. The pall y is flat towards the point for holding against the 
ratchet-wheel w for a right-hand twist, and the pall a is hooked towards its 
point for holding the wheel v for a left-hand twist. So ftir, this apparatus 
would serve the purpose either of keeping in geer, or stopping the rotatory 
motion of the spindle, ptovided it were not also required to perform the 
sliding movemeftt. In order, therefore, to complete the apparatus fi>r both 
these purposes, the arm Zy fastened to the claw or head-piece/, and forming 
one piece with the long screw G H, stretches alongsiae, parallel with'^e 
spinalc, so that its other end is nearly opposite* to the pinion, where it is 
furnished with two ears, having eadi an eye or ring, 7 and 7, fitting easy 
upon the round iron rod 8 ; which rod is fix A parallel with the spindle, 
between the cross framing B and C. The step 9, on the cross ftamibg B, 
serves as a guide for the arm z. It is necessary that 'the distance between 
B and C should be as much longer, than the distance in fig. 481, as the 
length taken up or occupied by the catch-box and ratchetrwheels. The 
spindle also will require this additional length. The arm x, during the 
Sliding movement, has to conduct with it, along the rod 8, the lever «, and 
the two ratchet palls a? and y, the rod serving them alsr % a guide during 
the sliding movement, and at all times as an axle. Tht *gh the pinion 2 
is always in geer with, and carried round by, the qrlinder F, fig. 481, yet 
the spindle only goes round when put in geer with the catch-box by the 
lever ; therefiire the rotatory motion of the spindle may at any time, and 
for any space of time, be stopped, fbr the j|||firpo8e of causing the twist o 
its straiia to cease, while at tne same time me other strands are twisting 
up. T^ugh only ^ne spindle is here spoken of, it is evident that all or any 
or them may, from being furnished with the apparatus now described, be 
made ei^er to give, or cease from giving twist, while yy one or 
the spindlgs qimer may dr may not, as required, be performing me uiding 
moveihent. 

Fig. 486 is a side view, showing the method adapted for the leebnd 
described machmery^ as rqiresented in fig. 484, the apparatus in 4iie caee 

3f2 
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^plying to the narrow wheel, and that in the former case of hg. 485, appfyi- 
iog to the wide wheel or cylinder F. The difference between the one and 
the other is, that the spindle and pinion in fig. 485, slide together, as in 
fig. 481, whereas in the figure now to be described the spindle elides 
through the pinion, as in fig. 484. The spindle 5 in this figure is similar to 
that in fig. 484, having a slot, to receive a feather, which is fixed in the 
eatch-box t. The pinion 2, which is always in geer with the wheel K*, is 
fiistened on the busn 11, running loose' upon the spindle 5. This bush, 
being furnished with the collar 12, serves, oy means of its revolving in the 
cavity 13, adjoining the step (, to keep the pinion in if;| proper place, 
diinng the spindle’s sliding movement : i and k are two steps, answering 
the same purpose as those of the same characters of reference in fig. 484 : 
V and w are two ratchet-wheels, last to each other, but not fast on the 
spindle, having a feather, fitting the slot of the spindle, in order that they 
may hold it fast when occasion requires, and that it may pass and repass 
through them during the sliding movement. These ratchet-wheels are 
fiirnished with their two palls ^ and y, altogether answering the same pur- 
pose as those described in the former fig. 485. The catchwbox /, having 
also a feather, fitting the slot, is furnished with a lever, (not shown in the 
figure,) answering the same purpose as the one marked u, in fig. 485 ; but 
to suit the present case, it works on a stationary pivot, fixed to the framing 
of the machine. The two ratchet palls also work on pins fixed to the 
framing; and their wheels v and w, being furnished with the rim or 
fencing 1 4, are kept always opposite to the palls, by means of a bracket, 
(fixed to the framing, but not seen in the figure,) hollowed out to receive 
the rim. It will be evident, from what has here been ^.ud, that theopera^ 
tion of striking in and out of geer the rotatory motion of the spindle is 
performed exactly in the same manner, and also answers the siuuc purpose, 
as that described under fig. 485 ; and that the sliding movement of the 
spindle ill both cases is pe^ormed in the same manner, > ^nd answers the 
same purpose, as described under figs. 481 and 484, either one or other of 
the methods, under figs. 485 and 486, combining the two principles of tem- 
pering strands in the manner previously pointed out. 

Though in the firsUdescribed machinery it has been shown, 
that the sliding movement of the strand hooka may be 
effected by means of a male and female screw, and in the 
second-described machinery by that of a rack and pinion, 
yet it will be seen, that either means may with equal pro- 
priety be applied to either machinery. And a competent 
mechanic, from what has been described, will easily perceive 
that any other power, such as that of a lever, weight, or rope 
and puQey, or one or more of them combined, may be applied 
for the same purpose, though in the first preference be given 
lo the screw, and in the^xt to the rack. 

The next part of tne invention to be described is a 
new method of regulating both the backward and forward 
travelling movements of any sledge or other locomotive ma- 
chine that is* or may be used in a rope-walk. The back- 
ward movement of the stranding-sledge, or the retrograde 
movement of that machine towards the b^tom of the rope- 
walk by which strands are drawn 'out, in lope- walks whese 
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Che improved or patent principle of rope-making is adopted^ 
has hitherto been effected by means of a rope applied in 
diSbrent ways for the purpose. In some cases tlie rope is 
nidde to haul the sledge backwards, by fastening one end of 
it .to the sledg^ and the other round the capstan or barrel^ 
at the bottom of the rope-walk; and in other cases the rope 
is stretehed tight along, and made fast at each end of the 
rope*^wdk, and tWo or more doubles or bights of it passing 
niund and grasping the same number of jg^ooved binding 
sbeeves in the sledge, which revolve by connection ivith t^ 
rotative motion of the strand hooks, from which the other 
motions are derived : thus the sledge works itself backwards 
along the rope. 

The great object to be attained in regulating this backward 
motion is, to cause it always to preserve a certain speed in a 
given ratio with that of the rotative motion, in order that the 
strands may always receive the degree and uniform distribution 
of twist intended. But in whatever way a rope has hitherto 
been applied for that purpose, the object has never been 
efifectually attained, nor the operation conveniently performed, 
because, from the elasticity and specific gravity of the rope 
itself, extended along the whole length of the rope-walk, it 
has been found impossible to keep it accurately stretched, 
and equally tight from one end to the other, so that when 
the sledge is in motion, particularly when first struck into 
geer, it pulls up the slack of the rope from the bottom of the 
rope-walk, and its retrograde motion is thus retarded in 
proportion as the rope may stretch, slip,'*or give wa^. 

The retrograde motion loses theremre its relative speed 
commensurate with that of the rotative motion of the strand 
hooks, which have in the mean time, without interruption, 
continued to put twjst into the strands. Instances are not 
unfrequent where they have been twisted to such a deme 
as nearly to break them asunder before the Ape could be 
listened sufficiently to cause the sledge to move on at its 
proper speed ; and, on the whole, it is obvious, that bjr the 
present method of drawing out the strands, they can neither 
receive their proportionate twist nor the distribution of it. 
The labour required in applying the rope is besides extremely^ 
inconvenient and troublesome, because it requires to be first* 
^ed to the dedge, or round its binding sheeves, at the top 
of the rope- walk, then tightened, and afterward disengaged 
«t the bottom, on every single occasion of drawing out a 
utr^ or set pf strands. Tfie plan also is expensive, liecimie 
the constant wear and tear is considerable, and requires die 
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rope to be frequently renewed. An iron chain may indeed 
he applied for the purpose^ and though not requiring to be so 
frequently renewea^ it is equally objectionable with the 
iu most other respects^ and on some accounts more so. ine 
forward movement of the stranding^ toppings and drag^ng 
sledges^ is that slow progressive movement necessarily re^ 

a ulred towards the top of the rope-waHc by the shortening or 
brinking up of the strands in twistings while forming on the 
common pnnciple^ and of the strands and cOrdage^ either 
common or patent, whilst hardening and topping. It wQl 
readily be seen, that this movement should also be uniformly 
regular, in a given propo^tio.^ the twisting motion, and 
that the travelling distance should be neither more nor leis 
than the length the strand or rope ought to shrink up. 
According tcf the usual method, a number of press barrels or 
weights are placed on the stranding or topping sledge, or on 
a drag sledge, attached to their tail end, to serve as jbl resist- 
ance against the pull of the strand or rope when shrinking 
up. But as the quantity of weight to be applied is to be 
varied and proportioned to th^ size of the strand or rope, and 
degree of twist required, and as tlie friction of the drag on 
the ground is greater on some parts than on others, the 
operation, depending on ciiterions so uncertain, must be 
attended with a great degree of irregularity, both with ren^ard * 
to the sledge sli£ng ^ster or slower, and also with reg ird to 
the whole length to which, eventually, it may be dragged | 
thereby occasioning a proportionate irregularity, bu<.tj in the 
distribution and total quantity of twist or 1 .y m the strands 
or rope, corresponding with their length. 

The object, the;i:efore, of this invention, with regard to the 
hwikward movement, is^ to cause the sledge, or any other 
locomotive or travelling machine used, or that may be used, 
id a rope-wai)c, to travel and recede down the walk at one 
uniform speed, such as shall be predetermined as proportion* 
ate with the rotatory speed of the twisting hooks of the 
foachinc, so as to cause the twist to be uniformly regular 
throughout each operation. And the object of this uivijiition, 
tfith regard to the /one;ard movement, is, to cause the sledge, 
or other movable machine, to which any kind of strand or 
rope may be attached, for the purpose of bebig formed, 
irarJeneu, or laid, to travel slowly, and advance vLp the wall^ 
tbe operation, at one uniform predetermined mottdn^ 
i^itd: f^ecisSly tha len^ or distance assigned to it, edtuil to 
trhich the stnmos or rope ought to shrink In the 
4ipcivlit>n. 
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Having stated the ol^ect of this part of the invention^ 
we sIiaTI now proceed to show that the nature' and fundai^ 
n^eptal principle' of tt^, and the means for accurately and 
qdpveuiently attaining all the objects in view, both with 
regard to the b^kward and forwaid movement, consist ki a 
rack, or rack-way, of cdKt-iron, or other suitable materud, 
laid down and fixed upon and along the rope-^w^, from one 
end of it to the other, parallel with a railway, upon which 
the stranding sledge, or any other sledge or locomotive 
machine, is to tra\ cl. The teeth of the rack- way are of the 
same pitch as the teeth of a wheel whose axle is in the 
machine. The motion of this uheel being given and 

g overned by the other motions in the machine which turn 
\ie twisting hooks, the travelling speed of the machine, 
whether working backward or forward, becomes at all times 
uniform, and in a 'given certain ratio, with tm speed of its 
twisting motion ; for the whole machinery being composed of 

f eer and toothed work, no part of it is liable to slip or yield. 

'be required speeds, both of travelling and twisting motions, 
are adjustable by change wheeN, to ‘suit each other in that 
machine, as well as in am ner machine or machines that 
^may be employed in one and tne same operation. The whole 
machinery may be driyen by an endless rope, receiving its 
motion from external machinery at the top of the rope-walk, 
or by any other means in use for driving locomotive ma- 
chinery ; for, we need scarcely observe, that it is not 
necess .ly, for th purpose of producing accurate work, that 
the motion whicii governs all the Others should be uniform, 
because, whether \he original motion be quicker or slower 
at one time than another during the operation, the motions 
dependant on it will still keep their proportionate speed. 
The only d’tforence will be in the time in which the work 
may be finished. We have mentioned the particular eases 
in which this part of the invention is more essentially useful; 
but Mr. Duncan claims the application of the rack, in 
manner de8:rit>ed, as an invention subservient to every 
purpose, in any stage or process of rope-making, for which 
regularity of travelling motion to any machine, either 
backward or forward, in a rope-walk or elsewhere, may be 
required 

la that part of the drawing entitled, « Backward and Forward hfoye- 
ment,*’ 487 represents the side view of a travelling sledge, or locomotive 
maachitie, of the description, and for the purposes referred to, moving on 
*^the Railway MM. AB is a side view of tne rack-way laid down and 
ibte4oii wood sleeper NN, or other suitable material, snppo9^ as 
eat^ndmg fkom the top to the bottom of the rope-ground. This m a c hine 
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ts represented as driren by theendless lOpe O; 13 and 14 are two guidf 
pttlties, to oonduct the me in^^ing on fnd coming off the large sheeve of 
grooved w^l P, roupff wld^h that rope (driven by eatiemal machineiy^ 
and rannittg i^m top to bottom of the rop^mrouod) If whUjay 
first movement in the ried|[e it given. Hms sheeVO. ^ing motion tOb 
Spindle or shaft Q, and bs&g coupled triH^e riiaft R| turns the pinion 
whioh drives the tnnion % npon whoee ahf|l^ S, is the small bevel-vrheel 
driving thelaige beveUwhael 4» upon whose shaft again is the spur-wheel 5f 
driving the other wheel 6; which last wheebworks in the radc-Vray. This 
\rlieel is not fast upon Hs shaft, being capable of Sliding thereon, for the 
tmrpose of being put in' and out of gear with the rack by means of the 
fever T. The maciiine travels on the lailway on four truck-wheels : the 
two shown in this figure are mvked 7. The pinions 1 and 2 are change* 
able, to suit the different travelling speeds required. 

So far as has been now described refers only to the backward movement 
of the machine ; which idqye^nt, it must be understood, is in the direct 
tion along rack-way/fis fir^ A towards B. The contraiy, or forwardf 
movement is of course m the direction from B towards A, and is eroded by 
giving a reversffilurn to the vriieel 6, which works in the raok.»way. The ne* 
Cessaiy machinery for this purpose is the small pinion 8, on the shaft Q, 
driving the wheel 9, on the shaft U ; which last snaft, and the one codpled 
With it, W, lie parallel with, and extend to, the end of the shaft R, in order 
that the pinion 10, fixed on the end of W, may, when required, work in the 
pinion 2. The shaft S then becomes common to both the pinions 1 ^d 10, 
and may, as required, be driven by either the one or the other, the pinion 1 
being for the backward movement, and the pinion 10 for' the forward move* 
ment, one of them therefore must be out of geer while the other is in gee|| 
The figure shows the pinion 10 as out cf geer. But supposing it to be in 
geer with 2, and tbe pinion 1 out of geer With it, *tbe effect is, that a con- 
trary motion is given to the wheel 6, which works in the rack- way , by means 
of the intervening wheels 3,4, and 5, before described. The twistmg mo- 
tions of this machine are produced by the shaft Q being continued to the 
front of the maChine, where the wheel 11, on the end of the shaft, drives 
the counter-wheel 12, from whence the required degree of sp^ is given to 
the twisting hooks. From what has-been before described, it will be seen, 
that the backward and forward motiont of the machind.f^ produced by 
means of the wheel 6 working in the rack-vray either way sgwht as i;equired. 
As, therefore, any predetermined quantity of twist may bo pveh by means of 
the dhango wheels 11 and 12, whilst at the same UmelhejQsachine mqy Dn 
made to travel at any given pfodeteimined speed, either badllfWjttd or forward, 
by means of the change Wheela 1, 2, and 10; ai^ as^riie.twfsting as well as 
the travelling motions are driven hy 000 - and the same impulsei originating 
In the machine at the grooved wheel P ; they must always preserve a lela* 
tive speed to each other in such proportion as may be assigned to them. A 
foflced hW,. elasping tm the ca^opn^fiHeesves eitlief to ppt in or out of 
gper atttiurpaotions of the iiiadiiae.*’eieeptliig that' of the grooved wheel P. 

Fig. 488 is a view of the back end of the same machine, shovring as much 
of the mtJk/tmf as is necessary for understanding it. The same characters 
of reference used in fig. 1 denote the same parts in this. 

Fig,Blsaplaiiofpartoftherack-way. A is the rack, andNN is the 
Wooameper upon which it js fhstened.^ forward motion of the.sledge 

is a i^StttrKably slow movement ;*the''8pee<jt%fthq wheel 6 therefore requires 
to be caosideialdy reduced. The wheels shoVro fo the figures will not re* 
duoe m motton sufficiently jdow to su^t wtesy possible occasion ; but enough 
lillKiierja to enable a mechenfe readil^'to produce any degree cf moiton tW 
inei^Sequirsd. 
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' AJl of any pwt of tb* oMdduery whioli we ti»ve deacrSied 
Dtw6edriiroqtl>y||iep9Wi» efetei^water;, triad, ormimab. 
* £ithe eouieeei deec^ipKffait^Hnrenti maehbes,aad 
compmieBtiMte, wbipted lor'ubverioiHkjpaipoiieat^ftf l3ieb»> 
njoDon, we hate ael&m takM aotieedwerol tiieb dimen- 
eioite ovof tfie sAeteriala of wMefi they may be wedd, bMaoae 
no fixed (Hna bb giveu ( but any ow^pelent meei^e, 
fiwni what ere have ehown, wfD b* eorided tb apnly sn^ 
aizes, and use such materiala, aa nay be ndted an4pioj^rtioned 
to the nature and derign of ends nadline, and to the poww 
which ia to drixe it« particulariy when we add,t|wt^^e wiea 
in the plates maarKed ** Tenperi^, md^ ]E|ai||nrara and 
Forward Movenirata/' are made out on a scale f of in inch 
to a foot, and that the dimenaiotuf thoe given ate es 
nay with eilect be applied in practice. 


SAW.fidlLLS. 

SaW'Hiixs, eonatoucted far the purpose of sairiug either 
timber or stone, era moved smmals, hy water, by wind, or 
by steam. ‘Ihey maybediatingdished into two kin^: those in 
which Ae motjiffi of the saw is reciprocating, wo those in 
which (he saip M ave,.a ro^tory motion. In dtiier eate the 
researches of tiUmriath have not yet turned to any acoountt 
instead therefore of giving anyuneevtain theory here, we riuU 
procefMl to the deem^ve part, aird refer thoab Wlfo wish to 
see seme' curious inVratigationa on tlds subject tb a fifemoir 
on the Action of SeWa, by Euler, en I^em. Acgd. 1U^, Berlin, 
1756. ' I 

Bneipioeai|hg Biliii>>flrilla, for'ifotthig titnberi and moved by 
water, dd.iidre:dilKfmudhtBiietyfo*tbf&'lfondructilcRi. The 
aaw-min remeeenttid in ,flg. fifbii Gray^e Ec* 

perieneed BlUl'Wri^t ; hot hi a fow trifling 

partiotdin, fiwm some whkdi mia dewn%fd In 
tecture SbdraulkM, and in CwKm'a ejection of Machinea 
approved by the Fb^MdtAca^liqr.' 

TmfhOaJuttrsitandtSAiwwItteetevatiMeftiwiBiU. AAtbesbafi 
or uds vfm which ujl^ad^ wheel BA tbueeter,) con* 

teimw 40 hadkets to leceiM Oe watnr triiid^nqnh it loaed -ftpi 

open toe aane ebeft etirteirihg M teeUi, to mfoe foe pinion No. 3, herlig 
as teeth, wMA ie-hetmed npon anirOn eale or epindM» having a ceqdbNK 
Iwaoaeaoh end that tame dMcienka, m D D, rqapdsone end of Arpm 
.Bifpatotttiihetaidct and ith other end movee onajomt otiombettat r, 
a foe lewer end of foeifruna 6 & Ihe crank 1) Dvtwadkmied round in 
foepi^ib moveathefianMiOO waddown, andfomebfofoy tewsia 
ftsiejVfo iww ttiea Ant foa>w^ Tfo pMm mbfomip 
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w* 


or inore WkA tiMm ivi m 
* -jw^ irtich <aw& qwi of til* nf%nsTr: Try 

it8o&ereA?T^^%tK>^iii iL^H Otia ^ 

a Mt ati; tiko itt 

pttllad upmt I tlriB imUik%Pj^tl0y)M 

Uppik Ih»t3ik fttwto piai^ 4 ,tWig 

teem ox under ^ npdb wjhuaEieTL 

on orhi^ thewood dutWlald': by im memis te SkmTt^h moves 
<tt ib rcrthmSS. 

m^noftlm VVtto jniliin^ 

inmtlmalv%^«^4o|!^^ iheipr|^9l|» to It 

Biotbii. wjMUUig tborope attbe kngbr arm of Ihe wver M« ^e pinion 
tfo. jt & pntinb llie hcM cv gripe oj^m wliael C O, which duve^ it| and 
lyfml|jh|r4SOi^l^t0fl*fdni4mis4lehmdiKuithe No,5»apinion 
eontainiiig S4 teetbf driven Vibe wberilCC, and having npOn pnle a 
eheave^ on whieh is the rone P P^ pnsaing to the sheave Ito* ik to tom it 
round ; and upon its ante is nxed tHepmion No.T, aeting O* the leethili an iron 
bar utm the name TT» to roll that £rame backwards when empty. By |mU* 
ing the rope at the lonw arm of the lever the pmion No. 5 is put into 
the hold ox iha wherii CTC ; and by puUmglberope it ts taken off mebold*r 

No. B^a wheel fined upon the aaleNo. % having upon its periphery angular 
teeth, into vriiieh the catriiHo. 10 takes^ and being imvedlw the lever attached 
la the tipfier pint of the fitame G, It pushes the whe4 ^No. ft luand; and 



wood in at uie>door Y, to be laid upon the movable ft 
lied fbrwaid to the saws to be out. /Ehe catches Nori JW^md It are easily 
ihrown out of tday when they are not wanmd.^ The m^eons in the shaftS|. 
tonnds of tha dnMEik% spindles, and pivots, should a}! turn rouad m cods or 
busies of brgefii Zp ^ ui ope end of the mill-house at whi[dh the wood 
u conveyed out when out. W IV, walls of the mill-house. Q Q, the 
couples or fbaMag of the roof. X X X* fto* windows to admit light to the 
hoSe.' • ^ ® ^ ^ 

Sawwmfiirfbi oitting*blocks of stone are generally, thou|^ not 4Ways, 
moued barit^ntally; the hnruontal ahenn^ motion be oommu- 

m«)led:in epn or * 

me use of oranka, fm. or in sot 
aonfta wheel A B B CL ite. 451^ 

?erric4 at me disumeeof #bo«t ono^biid of fbe dUuneter from the 
oantrm TFUs pinion and fla am f^presentadaepam^ 
liT^fiiitaia w 8!fV, earning fsur nswf, marked 1, a, 3, 4, have wheels, 
ViT, W, W, eadi runiw in a groove^ or red, whpse direction isjMiHlel to 
Ihe pidmmed direction ofme saWi < and let a transverse groove 9^, whose 
lin|&i|dMrie4hpdhdl»mod^piilPftSufcdmoent^ ph^be 

Ihan, as the great wheel revolves, 
k fevl ai ri ii rp rribii^ dd 4*^^^ mM ^ ; and pio being^om- 

isayo^BIl^whBerliy die romtl^olihepioloii 




wprK0a Q 

tfR^oC 
•■A/i 

ofaivbMj 


Aita aiACBlftiMf. 

pofoik Wa 

r fmf r^ltrt iMUMid 


IQ. AAHnt 
qAm 4m» 1 


itMWIlittiOtt c6ti 


e(mtriir»Bc?k oC )i 

of '^«Ww4(*jK»]rv«w ^ 

ara<M^<ufltoii{ 

WHr4lM4n hMA ttt «id( blodbi of iMkne iato fdMM nrlisdrieid 
f y(«Hn a44ite it iiO(d« to tb^ omq^. ?!«<«•' 4lf ood 
411 . iliwbt inot«odofWiwirfk>we(Itoaiir%» » oiUlM gi«o*«, aa it 
oats t]io MMK, I* otladMd to a nver or bonui F 6, siifBeiaiAl^ atrong; tbia 
lever baa favetal boiM^roed thtoaghit»tUMa«Ml^v«tMali*ieoaBD, 
Much ii WEevrae mevaole towards eidteudeofthe fiMae ill gteovea ia the 
topatadbOttempieoaaAI^DM. 'RtvP&te length B.Oei( the rattiua oaa 
be noted at pleasniCt to suit the cumtuielf O ; and as tbs saw n moved 
backwards end forwards by proper machinety, m the dire(>tioa CIL it 
works lower and lower into the Mode, while, beim eOtthnSd to the br^ 
F O, it eats the cylindrical portion fiom the block as tequred. 


Witfn a complete cyliadrieal pillar k to lie cot out et dne 
atone, the fi»t thing tvii! be to itaeertain in Uie block 
the position of the axis of the eyiindea ; theii lay the block so 
that such axis shall be parallel to the horizon, and let a cylin~ 
diioal hole* of from one to three inches thameter be bored en> 


tirely through it. Let an hen-bar, whose diameter Is rather 
less than that of the tube, be put through it, bftving just 
room to sliile freely to and fto as occasion may r^uiie. Emsh 
jend of this bar should terminate in a screw, on which a mik 
and frame may hw fastened | the nut-frame should carry three 
flat pieces of wood or iron, each having a slit running along 
its middle nearly from one end to the other, gnd h serCw and 
handle most be adapted to each slit: by these means the 
frame work at each end of the bars may readily be so actuated 
as to form isosceles or equilatei^i tiiangks j the iron-bar will 
connect two < Tesponding ang s of these triangles j the* saw 
to be used, two other corresponding angles ) and anotiier box 
of iron er of wood, the two remaining angles ; to give sufficient 
strength to the whole flmme. Hds construction, it it obvious, 
will enable ^ workman to jdace tbe 8aw4d any paqKtaed 
ffistance from the hole thilfed tiuouch thb middle m tbe 
blc^ } and then, by givingthe^altomatiiig motirm to the saw- 
fit^, the cylinder may at Imigth bb cut from the Iflodc as 
leeqiuiM. This metimd was first dcefrifl>ed fh the CoUeotion of 
BAarhinet approved,!^ the Bkrfb Jfteaaefliy. 

If it were hronosed H saiw a ooifle f fd ktru m from such 


», then let twrv frames df #MMr<Mr farm be find to 
parallel ends of the blodt vfhhA drfe intended t6 min- 

^ J ^4. y ^ ^ .Xu ...Sr. _ 1 V W. • 


whh the tkM 
dtudy cut 


tWfca'IlMing 
TBm dpcsnu* 
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ferences of 4be tiro ends of the proposed Ihistrum | the saw 
being wqAed iatheSl grooves, will manifestly cut the^ conic 
surface from tdie block. This^ we believe^ is the contrivance 
of Sir George Wright. ^ * 

The best mediod of drilling the hole through the middle of 
the proposed cylinder seems to be this : on a carriage run- 
ning upon four low wheels let two vertical pieces (each having 
a hole just large enough to admit the borer to play freely) be 
fixed^ two or tfiree feet asunder, and so contrived that the pieces 
and holes to receive the borer may, by screws^ &c. be raised 
or lowered at pleasure,while^he borer is prevented from sliding 
backwards ana forwards by peces upon its bar, which are larger 
than the holes in the vertical pieces, and which, as the borer 
revolves, press against these pieces : let a part of the boring bar 
between the two vertical pieces be square, and a grooved wheel 
with a square hole of a suitable size be placed upon this part 
of the bar ; then the rotatory motion may be given to this bar 
by an endless^band, which shall pass over this grooved iriieel 
and a wheel of much larger diameter in the same planc^ tlie 
latter wheel being turned by a winch-handle in the visual way. 
As the boring proceeds, the carriage with the borer may be 
brought nearer and nearer the block, by levers and weights. 

Circular saws^ acting not by a reciprocating, but by a 
rotatory motion, have been long known in Holland, where 
they are used for cutting wood used for veneering. They were 
introduced into this country, we believe, by General Bentham, 
and are now used in the dock-yard at Portsmouth, and in a few 
other places 5 but they are not as yet so generally adopted 
as might be wished, considering how well they are calculated 
to abridge labour, and to accomplish, with expedition and ac- 
curacy, what is very tedious and irksome to perform in the 
usual way. Circular saws may be made to turn either in hori- 
zontal, vertical, or inclined planes ^ and the timber to be cut 
may be' laid upon the plane in any direction^ so that it may 
be sawed by lines making any angles whatever, or at any 
proposed distance from each other. When the saw is fixed at 
a certain angle and at a certain distance from the edge of the 
frame, all the pieces will be cut of the same size, without 
marking upon them by a chalked line, merely by causing them 
to be moved along, and keeping one side in contact with the 
side of the frame ; for then as they are brought one by one 
to touch the eaw revolving on its axle, and axe pressed upon 
it, they are soon cut through. 

Mr. Smart, of the Ordnance Whaifj Westminster 'Birid|[^ 
^haa aeveral circxilar saws, all worii^ bjra horse, in a modejiSte 
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nzed walk ; one of these mtended for cutting and boring 
tenons^ used in this gentleman’s hoUow masts^ is represents 
in figk 454. 

N 0 P Q R is a hollow frame, under ^ich is part of the wheel-work 
of the hprse-milU A B C D E F are pullies, over which pass straps or 
bands, i£e parts of which out of sight run upon the ma of a large verticcd 
wheel ; by means of this simple apparatus the saws S S are made to revolve 
upon dieir axles, with an equal velocity, the same band passing round the 
pulhes D C, utmn those axles ; and the rotatoihr motion is given to the borer 
U by the band passing over the pulley A. Ine board 1 is indmed to the 
horizon in an angle of#bout 30 degrees ; the plane of the saw S is paraUel 
to that of the board I, and about a quarter of an inch distant from it, while 
the plane of the saw v is vertical, and its lowest point at the same distance 
from the board I. Each piece of wood K, out of which ^e tenon is to be 
cut, is about four inches long, and an inch and a quarter broad, and f of an 
inch thick. One end of such piece is laid so as to slide along the ledge at 
the lower part of the board I, and as it is pushed on, by means of the handle 
H, it IS first cut by the saw S, and immediately after by the saw S* ; after 
this the other end is put lowest, and the piece is again cut by both saws : 
then the tenon is applied to the borer G, and as soon as a hole js pierced 
through it, it is dropped into the box beneath. 

By the above process, at least 30 tenons may be completed 
in a minute, with greater accuracy than a man could make one 
in a quarter of an hour with the common hand saw and 
gimlet. Similar contrivances may, by slight alterations, be 
fitted for many other purposes, particularly all such as may re- 
quire the speedy sawing of a great number of pieces into 
exactly the same size and shape. A very great advantage at- 
tending this sort of machinery is, that when once the position 
of the saws and frame is adjusted, a common labourer may 
perform the business just as well as the best workman. 


BARK-MILL. 

The bark-mill is constructed for the purpose of grinding 
and preparing bark till it is fit for the tanner. 

Bark-mills, like most other mills, are woiked either by 
means of horses, by water, or by wind. 

One of the best mills we have seen described for these 
purposes is that invented bv Mr. Bagnall, of Worsley, in 
Lancashire. This machme will serve not only to chop bark, to 
grind* to riddle, and pound it; but to beam or work green hides 
and slrins out of the mastering or drench, and make them ready 
for Ae ouse or bftrk-liquoi ; to beam sheep-skins, and other 
skinsi jbr the skinner's use ; and to scour and take off the 
bloom from tanned leather, when in the currying state* 
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. 455 iSvR horUontal pls^n of the mHl; fig. 455^ a longitudinal aeotion 

of it']; 457 a transveise section of it. , 

' A/thd Water<«wheel, by which the whole maolufiefy 'li^ worked. 

Bj w shafts. ^ . " ' . . 

tpljttMFfeeel, which* is ;fi|;ed on the water-w,heel Bn. ajad, tartw 
the upa^t shaft £, by the wheel F, and woi^/&e«cutt^ and hwmer 
bytapats. , 

I>» ik^nvnx and bevel wheels at the top of upiillrt shafts. ^ ' 

£, ftSB upright shaft. ‘ V 

F, the crown^wheeh which worits in tlTe pit»wheeViQ*.. . . ; 

IB, the spur-nut to.tum the stonps 1. ^ ^ - V; 

P, the beam, wifit lcntves or cuU^fixad>tlilmf|fid 
oark, which is to be put upon cutiWES.^ " 
beam is to fitll. 


or cut the 


ig oh which the 

Q, the tryal that receives the buk die cutters ^ and coiiveyslTiiito 
s hofeper H, hf which it disc^ds through the shoe' J to the stones I, 


the 

where>it‘i8 I, „ . 

K, the spout, which receive the bark fioox the stones, and conveys it into 
the tiyal L; which tryal iSiWiied, to shift or dress the hark as it descends 
from the stones 1. 

M, the trough, to receive the bark that passes through the tryal 
R, the hammer, to crush or bruise the bark that falls inio1||o^fifih"S; 
which said dish is on the incline, so that the hammer keeps forcing' li out of 
the lower side of the said dish, when bruised. . »* . . 

k, a trough, to receive the dust and moss 4hetpas[^ through the* tiyal Q»' 
T, the bevel-wheel that works in. the wheel D, which. works the beam- 
knife by a crank V, at the end of tlm shaft kr 
W, the penetrating-rod, which leads from the crank V to the start x. 

Wf the start, which has severed holes in it to lengthen or shorten the stroke 
el tho beam-knife. 

g, the shaft, to Which the slide-rods kh are fifed hy the starts 9 9» ' 

A, the Slide rod, on whidi the knife/ is d^ced, which knife is to work the 
hid^, 5cc. On the knifo are two spnngs 4 . 0 , to let it have a Httte as 
ii makes Its strokes backwards and foi warns, so that it iaiay nol scratch or 
damage the hides, kc, ^ ' . — ' * • 

z, is a catch in the slide rod A, which catches on thg'h3|^fhead e ; and 
tlie said arch-head conveys the knife back without touchitj||| me hide, and 
then falls back to receive the catdi again. 

/, the roller to take up the slid^-tod A, whUe the hides are shifting on the 
beam 5 , by pulling at the handlA^; ' ' v . 

5, the beam to work the hides, .Acc. on. Each beam has foiw wheels, p 
working in a trough-io4d,.Srdr9 removed W iho foyers ep. r Wh/^ Ae 
kpifoiias woxked the hides, foo. sufficiently in ope part, the beam 
•ihtofidby the lever c as Auras is wanted. * 

4f,^.jprefMi, at the upper end of the J^am, to hold the hide fivit on the 
fBile^rocking. ^ 

j arch-head, on which the slide-rod A catches, 
knifo ftietd on the slide-rod A, to work the hides, &c. 

^*!mtei!t dr giating to receive the bark for chopping. 

Jtie beam P,.with knives or cutters, may zjf^er.he worked by tapets, as 
dejmribed, or 1^ the l^?elww|^eeltT with a dmik, as y, to cut toe same as 

knife/fo fixed arilh'^dtteto pftoe start, which is fixed on toe slide- 
rod Ar toe bottom of toh'staift is iqdit fipeh to admit:th« knife, to« width of 
ope fool; to»1mHb^slksl^ ol saoh en^ to fix & tot 
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part of the start ; and the 1 t the knife from giving too 

much way when working. Tone foot long, mid four or 

6ye inches broad. 

The ardi-head e will shift nearer to or fturlher ftom the beam and will 
be fixed so as to carry the knife back as fer as is wanted, or it may be taken 
away till wanted. * 

Toe roller I is taken dp Iff pulling, at the handle w, which takes up the 
slide-rod so high as to give head room under die beam-knife ; the handle 
may be huns^upoo a hook for that purpose. The sUde-tod wUt kemi run- 
ninff up6n tbf roller all the time the hiae is shifting; and when the hide is 
fixed, the knife is put on the beam again by letting it doWn by the handle m. 
There my be two or more kmves at work on one beam at the dune tune, 
by haring different slide-rods; there should be two beami^ so that the 
workman could be slufting one hide^ fee. while the other was working. Ihe 
beam must be flat, and ahttle on the incline ; as to the breadth, it does not 
matter ; the broader it is, the less shifting of the hides will be wanted, as 
the lever e will shift dim as far as the width of the hide, if required. 
Mr. Bagnall has formed a kmd of press d, to let down, by a lever, to hold 
the hide fast on each side of the knife, if required, so mat it will suffer the 
knife to make its back stroke without palling the hide up as it comes back. 
The sliUfr*rod may be weighted, to cause the knife to lay stress on the hide, 
fee. according to the kind and condiuon of the goods to be worked. 

Hides and skina’for the skinner’s use are worked in the 
some way as for the tanner’s. 

Scouring of tanned leather for the currier’s use can be done 
on the beam, the same as working green hides ; it is only 
taking the knife away, and fixing a stone in tiie same manner 
as the knife bv the said Joint, and to have a brush fixed to go 
either before dr after the stone. The leather will be much 
sooner and better secured tiiis way than by hand. 

The whole machinery may be worked by water, win<^ 
steam, or any other power ; and that part of the machinery 
which relates to the beaming part of we hides, may be fixed 
to Miy horse bark-mill, or may be worked by a horse or other 
power separately. 


OIL-MILLS. 

As these kingdoms do not podnee the olive, it would be 
needless to desmibe the <ariu8 which are employed in the 
southern parts of we shall therefore content our- 

selves, with a description of a putch oil-mill, employed 
for grinding and pressing linseed, nqpeseed, and other 
olea gino nt. grfuns ; and, to accommodate our description 
still more to onr local dmunstanees, shall employ water aa 
the fint mover; thna avoiding the enonnons eiq^enae ami 
eomjj^kation of a win^ndU. 

DMKMtetion of fig.4S8. 

1 k file drmtion of a whe^ vnt or under shot; u the fitustiim 
Mquke. 
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% the belVmtal socket, #ig»p<hrted by masonljfi for recciTing the outer 
guageooofthetvater-wheel/ . 
d, the wateieqvno. 

* Kg. 454. 

1, a spur-wbecik upon the same axis, haYing 53 teeth. , 

2, the tnindle that is driven by No. 1« and hu T6 staves. 

3) the wallower, or axis lac lOiidpg pertW. It is furnished rousidrits 
circumference with wipers Ufticg die pesfleSfSO that each Jiay fell* twice 
during one turn of the watei^whSel r dbkt is, &i||Se wipers fer each pestle. 

4, a frame of timber, ca^hcying a concave half cylinder of belUmetal, in 
which theVallower (cased in tmit part with iron plittas) rests and turns round. 

5, masonry supporting the inner gudgeon df tike water-wheel and the 
above-mentioned irame. 

gudgeon of the wallower, whidi beava againat Ihe bell-metal step died 
in the wall. This double support Of the waHower is feund to be necessaly 
ia all mills which dfive a nunSber of heavy stamps^. 

Fig. 460 is the devation of the pestle and press-feame, their fumitureji'l&e 
mortars, and the press-pestles. 

1, the six pestles. 

2, cross-pieces between the two rails of the frame, ferming, with these 
rails, guides for the perpendicular motion of thepestles. 

3, the two rails ; the back one is not seen. They are checked and bolted 

into the standards, No. 12. ^ 

4, the tails of the lifts, corresponding with the wipers upon the wallower. 

5, another rail in front, for canying the detents wnich hold up the pestles 
when not acting. It is marked 14, tn fig. 464. 

6, a beam a little way behind the pestles ; to this are fixed the pulleys for 
the ropes, which lift and stop the pestles. It is represented by 16, in fig. 464. 

7, the said pulleys with their ropes. * ^ 

3, the driver which strikes the wedge that presses the oil. 

9, the di$cha:rger, a stamper which strike upon the inverted wedge, atkd 
loosens the press. 

10, the lower rail with its cross-pieces, forming the lower guides of the 

pestles. ^ 

11, a small' cog-wheel upon the wallower for turning the spatula, whidi 
stirs about the oil-seed in the chauffer-pan. It has 28 teeth, and«is mwikeA 
No. 6, in fig. 464. 

12, the four standards, mortised below into the blod^ and above into the 
foists and beams of the buildinff. 

13, the six mortars hollowed out of the block itself, and in shape pretty 
much like a kitchen-pot. 

14, the feet of the pestles rounded into cylinders, and shod with a great 
lump of iron. 

15, a board bdiind the pestles, standing on its edge, biri indining a little 
badcwaxds. There is such another in front, but not 'represented here. 
These 6^4^% sort of trough, which prevents the seUd^from teingiicatter^ 
abont h^M fell of the pestles, and lost. " 

16, tbe^ttrst piess-hox, (alto hollowed out of the Idock,) 10 which die grftin 

is squeesed, has come fer the ftrst time from below the miUHStooci. 

17, the second press-boy, al the other end of the block, for squeeaing the 
grain after it has passed a second time under the pestle#. 

18, frmne of timber for supporting the othfe end of Ihe wallowev ill the 
iifee manner as No. 4, frg. 453. 

18, small ctM^wheel on die andKif the wattower, (br giving inotiOR to the 
miU-aldnea; it has 28 teedi. * 
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iOjgirflitoit cftiiewallowtr^ bearing on « bell-Mlal eoelMt taad in die wall*^ 
^ fyt veceiTing the oil from the preeihbom. 

Fig. 461 y Elevation and mechawiem o^the mill-etonee. 
upright shaft, carrying the great cog-whed above^ aad>the runner miH* 
stooes oelow in their frame. 

2, cog-wheel of 76 cogs, driven 1^ No. 19 of fig. 460. ^ 

2, the frame of the niOfieiB. 

4, the innermost runner, or the one nearest the shaft. 

5, outermost ditto, being farther from the shaft. 

6, the inner rake, which collects the grain under the outer runner. 

7, the outer rake, which collects the grain under die inner runner. In 
this manner the grain is always turned over and over, and crushed in every 
direction. The inner rake lajrs the grain in a slope, of whidi fig. 466 is a 
section ; the runner fiattens it, and the second rake lifts it again, as is 
marked in fig. 466 ; so that every side of the grain is presented to the mill- 
stone, and the rest of the legger or nether miU-stone is to swept by them, 
that not a single grain is left on any part of it. The outer rake is also fur- 
nished with a rag of cloth, which rum against the border or hoop that sur- 
rounds the nether mill-stone, so as to drag out the few grains which might 
otbefwise remain in the corner. 

8, the ends iron axle whiwMles through the upright shaft, and 

through the two runners. Thus they MweCwo motions : first, a rotation round 
their own axis ; secondly, that by which they are carried round upon the nether 
mill-stone, on which they roll The holes in these mill-stones are made a 
little wide ; and the holes in the ears of the frame, which carry the ends of 
the iron axes, are made oval up and down. This great freedom of motion* 
is necessary for the runner mill-stones, because frequently more or less of 
the grain is below them at a time, and they must therefore be at liberty to 
get over it without straining, and perhaps breaking, the shaft. 

9 and 10, the border or hoop which surrounds the nether mill-stone. 

11 and 12, the nether mill-stone and masonry which support it. 

Fig. 462, plan of the runner mill'Stones, and the frame which carries 
them round. 

1, 1, are the two mill-stones. 

3, 3, 3, 3, the outside pieces of the frame. 

4, 4, 4, 4, the cross-bars of the firames, whicli embrace the upright shaft 5, 
and give motion to the whole. 

6, 6, the iron axis upon which the runners turn. 

7, the outer rake. 

W, the inner ditto. 

Fig. 463 represents the nether mill-stone seen from above. 

1, the wooden gutter which surrounds the netber mill-stone. 

2, the border or hoop, about six inches high all round, to prevent any 

•eed being scattered. * 

3, an opening or tiap-door in the gutter, which can be opened or shut at 
pleasure ; when open, it allows the bruised grain, collected in and shoved 
along the gutter iiy rakes, to pass through into troughs placed below tq 
receive it. 

4, portion of the circle described by the outer runner. 

5, portion of the circle described by the inner one. By these we see that 
Ihe two stones have different routes round t]ie axis, and bruise more seed. 

6, the outer rake. 

T, the iuner ditto. ..... ^ 

*i8 the sweep, making part of the inner rake, oceanonally let down fiar 

2 a 



460^ thb inmAfivii mwhanic 

iB tte.|ieed ipvlUft it Iw h^n t^mci 41 tt}]r.)lr^lll^ Ifti Bpi- 
sure and action of Uiaie ti^e$ is adiustad by mwM Bf imdi«» iqmn 
which cannot be easily and distincuy represented by any figpiie* lino 
oblique position of the rakes (the outer point going foremost) causes 
them to shove the grain inwardSt or fowara the centre, and at the same 
time to turn it over somewhat in the manner as the mould-board of a ploo^ 
shoves ahe earth to the rirtt hand, and ]mrtly turns it over. Some mills 
have but one sweeper ; and indeed there is great* variety in the form and 
construction of this part of the machinery* 

Fig. 464, profile of the pestfe-frame. 

1, section of the horisont^ shaft. 

2, three wipers for lifting the pestles. 

3, little wheel of 28 teeth for giving motion to the spatula. 

4, another wheel which is driven by it, having 20 teeth. 

5, horizdntal axle of ditto. 

6, another wheel on the same axle, having 13 teeth. 

7, a wheel upon the upper end of the spindle, having 12 teeth. 

8, two guides, in which the spindle turns fseely, and so that it can be 
shifted higher and lower. 

9, a lever, movable round the piece No. 1 4, having a hole in it gt 9, 
through whi^ the spindle passes^bjl^g freely. The spindle has in 
place a shoulder, which rests on mSni&rder of the hole 9^ so that oy tng 
motion of this lever the spindle may be disengaged from the wheel-work at 
pleasure ; this motion is given to it by means of the lever 10, 10, movable 
round its middle. The workman employed at the chauffer pulls at the rope 
10, 11, and thus disengages the spinale and spatula. 

1 1, ^ a pestle seen sidewise. 

12, the left of ditto. 

13, the upper rails, marked No 3, in fig. 460. 

14, the rail markem No. 5, in fig. 460. To this are fixed the detents, 
which serve to stop dhd hold up the pestles. 

16, a detent, which is moved by a rope at its outer end. 

16, a bracket behind the pestle, having a pulley through which passes 
the rope going to the detent 15. 

1 7, the said pulley. 

It:, the rope at tlie workman's hand, passing through the pulley 17, and 
fixed to the end of the detent 1.5. 

This detent naturally hangs perpendicular by its own weight. When the 
workman wanta to stop a pestle, ne pulls at the rope 18, during the rise of 
the pestle. When this is at its greatest height, the detent is horixontal, and 
prevents the pestle from falling, by means of a pm projecting from the side 
of tiie pestle, which rests upon the detent, the detent itself being held in 
that position by hitching the loop of the rope upon a pin at the workman’s 
hand. 

J9, the two lower rails, marked Nb. 10, fig. 460. 

20, great wooden, and sometimes stone, block, in which the mortars are 
formed, marked No. 21, fig. 460. 

21, vessel placed below the press-boxes fox receiving tbe oil. 

22, chauffer, or little furnace, for warming the bruised grain. 

23, backet in the ftont of the chauffer, tapering downwards, and opening 
below in a narrew slit. The hair-bags on which the grain is to be piessea 
after it has been warmed in the chauffer, are filled by placing them in tills 
backet. The grain is lifted out of tbe chauffer with a ladle, and put into 
lliese bags ; aim a good quantity of oil runs from it through tbe slit at the 
bottom into a vessel net to receive it. 


» ^ i 4 $^ 

wih$ tjMUt ma mmag 

W W gff uniMt Hm »■<(»»<» tim thu wibi y a, fHdtiMtpnfatittMltftS 

^hitinltfUb'^ fhe ottipMB k hnMag Qm sMd under 
ranMiM«oiiM<i ^Kt lli» n» be umm expedMottelr don^ 
dlt»'of>tt6 future tt'ftei M(bJtfr6^tilit«l<d& o#ii tldettneM 
itt&tdir' tM 'dhA ttiim* } Ui^ Itbey |hit« 

treede, end the gndo* If a wie i^eaped towards the 
centre, fa thus brased vf both. Thd^ Inner rahr gathers it 
up under tiie oute^ stone into h,ridgey of wldefa the seetimi is 

represented in 4he ttone paseesevertt, and Whitens it. 

It is gathered up again Into a ridge, of tiie foita of fig. 466, 
under the inner stone by the outer rake, which co^ists of 
two parts} the outer iMurt presses close on the wooden 
IxWcter which surrounds the nether stone, and shores die seed 
]uely inwfrda, while the Inner part of this rake gathers 
■^rhae spnM towards the centre. The other rake has 
a1bear.|lp middle of Its length, by whleb the outer hatf 
t can be arised fiem the nether stone, while the inner 
half eonrinues presring on i^ and thus scrapes oft the moist 
paste. ‘ Wlmn the seed is suffidently bruised, the mi^er lets 
down the outer cud of the ndce ; this immepstely gathers the 
whole paste, end riiores it obflquely outww^ to the wooden 
rim, where it is at last brought to a part that |s left unboarded, 
and it fidls through into troughs placed to receive it. ' Hiese 
tooughs have holes in the l^toip, through which the oil drips 
all the time of the op^ntkm. TIm part of tiie oQ is directed 
into a particular cistern, being consideredas the purest of the 
whole, having been obtained without pressure, by the mere 
breaking et we bull of the seed. 

1b some nulla this operation is eiq^edited, and much 
greater quantity of this best ml is obtained, by haring the 
bed of masonry whirii supiKirts the legger formed into a little 
fornaee, aiMt genliy faeatra } but the utmost cme is necessary 
to mvent m hesff ftum becoming considenfole. This, 
enaoling Chh oil to dissolve more of tiie formentaUe sqbstan'ee 
of the seed, exposes the ho the risk of groiring smn very 
raneld } mid in genriui ft' tf thought a bazardoue practice, 
and the doee not bring so high a price. 

When the paste ehides from under the stones, it is pat into 
tlw bsir^lMigs^ and sal|setsd to the first pressing, ^e o9 
tim»oMi^iied k slsoesleemed of the first qualiiy, scarcely 
inforiortothefhrmer,airiiskepea»att (the great iril-cistera 
b^l^'dirid^ into shvend poitUmtl by paartitions.) 

'The btl*ceked<^ this posing me tihen oi|fe m tb« bbfi** 
hiehen topieees^ and put into mortars tor the first stamping. 

3o8 



462 


THft OnBAnVf MMHANIC 



Here the paste is again broken down^Aoid the of 

. the seed reduced to a fine meal ; thti8*finee egress *ia sucATM 
to the oil from every vesicle in trhichf it is cbhtained. 
is now rendered much more cUu^y by the foircU>te ml;Kbare 
of the mucilage^ .an4 even of tne finer par^s of the mOfd* 
When sufficiently pounded, tfis woriqplin stops the pestlo^ 
a mortar, when at the top m its and carries the contents 
of the mortar to the first chauffer-pan, where it Is heated Jo 
about the temperature of melting bees'- vraa^.Ctliis, wo ai^ tola, 
is the test,} and all the while stirred about by the s^tdb|. 
From thence it is agmn put intodsdr-fepgs, in the'manpor 
already described ; and the oil whilHi drops from it during 
this operation is considered as the best of the second quality, 
and in some mills is kept ap^. The paste is now Sub- 
jected to the second pressing, and the oil is that of the second 
quality. 

All this operation of pounding and heating 
one workman, who has coustant employment 
four mortars in succession. Hie putting into 
conducting the pressing, gives equal employment to another 
workman. * 

In tBe mills of tPicardy/ Alsace, and most of Flanders, the 
operation ends here ; and the produce from the ebauffef is 
increased, by putting a spoonful or two of water into the pan 
among the paste. 

But the Dutch take more pains. They add no water to 
the paste of this their first stamping ^ tiiey say that this 
greatly lowers quality of the oil. The cakes which result 
from &is pressing, and are .then sold as food for cattle, are 
still fat and soft. The Dutch break them down, and subject 
them to ^e pestles for the second stamj^ng ; these reduce 
them to ah impalpable paste Ctiff like clay. It is lifted out, 
and put into the second chauffer-pan ; a few spoonfols of 
water are added, and the whole kept for some time as hot ns 
boiling water, and carefully stirred all the time* From tbenee 
it hi lifted into the hair-bags of tbe last press, subjected td the 
press, ahd a quantity of the lowest cpialitv is obtained^ sofScient 
fo^ giring a satisfactory profit to the miller. The cake ia now 
perfectly dry and hard| like a piece of hoard, and sold to the 
farmers. Nay, there are small mills in Holland which 'have 
no oth^Chiploymeut than extracting oil from the cake# i^hlch 
they MrciiAe from tjie Preticb and Br^bantees : a' ehiif 
camn of the stt|>eriority of the Dutch pract^i^q. ^ 

TfH» nicety tvitii which that industrious people epndfiot aU 
A^^business is remark&ble in tbit manofactttimi^/ ^ ^ ^ , 
their oS-dstems the parenchjnfipiis part, triilch 
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throvffiij io «me de^««, in em^opemtion^ 


|M to different d^|p:ee8 of pprity. The 

ips whieh lift it out d)^each aivision ture in piiire j one 
ti|k^*it ub ft^ bmttohi, end, the oUier only ftoib 

the depth. The last only is htobelled up for the 
raerii^ end iBa. other goes into a deep and nantotr cktem, 
the dreg* t^ain ehbsidee, and mttre pure oil of tliat 
oatUlMgrds ebtaiiftd. ,fiy sucb carefol and jodieidus practice, 
we JDtttrh not only'' n^Iy themselves with this important 
but ’annUAlly s4Ki eonsiderable quantities into the 
Tery previiM^ of rVance and Ftanders, whrte .toey buy 
tiieleed fooM which k is extracted. When we reflect on the 
higb price of labour in Holland, on toe want of timber for 
macmnery, on toe expense of building in thm coufitry, and 

S ite enormous expense of wind-mill 'inacliiBery, both in 
wMpcection and toe subsequent wear tear, it must 
bMj^Mdnt tost oil-mills erected in England on waterfoUs, 
4l|Cor toe JDutch manner, cannot foil of btoig a great 
natomu advantage. The cbatellenie or seigoeurie of Idlle 
alone makes annually between ^,000 and 40,(KX) banek, each 
codtaioing about 26 gallons. 

What u here delivered is only a sketdi. Every person 
acquainted with machinery well understands the general move- 
ments and operations $ but the intelligent mechanic well 
knows that operations of this kind have many minute circum- 
stances which cannot be described, and which, nevertheless. 


may have a great influence upon the whole. The rakes in 
the bruiaing-mUl have an office 'to perform which resembles 
that, of the hand, directed' by a carefhi eye and unceasing 
attention. Words bannot convey a clear notion oTthis ; ana 
a mik Censttocted from the best drawing!^ bv toe most skilful 
wetoroan, may gather the eeed so ill, that the half of it shall 
not bp bruisM g{ter<tpaoty rqiinds of toe tuechinery. This 
pftidoQei a scanty return of toe b^st oil, and the m|U gets » 
bad ehateckHTf the proprte^ loses his money, k discouraged, 
and ipret VP toe work, .^lere is no security but hy pro- 
cutiim a'Dutch miHwnght, and paving him with the libermity 
of^Pj^jMI. Suto tmWped*^ tosks neve been performed of 
Isto'yewsJ^y machinery, and meciionical knowledge and 
iayagtopi Uf now Sd gpaenidly difliised, that it is highly pro- 
bSbie we topq^d sooh excm our teachers in the branch; 
but toM wiy* f of knowledge, bv encouraging specu- 
ladM mii(^,^.artistB,,totoesk a still greater risk to creple 
kitim^ haring g D«rtchmais,‘ai;qu(dnWHl 
wSto its most improved present form, to conduct toe work. 
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|« lield the fbUa<* irhi<di» 

oetbmmoilltle)n•ye^ut8iiemctoaIl7. ' 

aadrlo^iaouRilMiter, amTlo^riticWMiidabfdfiAbpeftdtb'f 

S^4^etti$ave^UliiiPMri«^^% 66f^»AiS*‘ 

)' he^^> obitoiW 

iMMb tttaliip ft «bchftak k« cut 

lfth^«llir''*y!ftig%^fllift*' oi > »tW ~‘;iwi^ tiai ft givett 

bli(^Mldttltt',lOdfe^ftaiPn^ Utfbeii ft'ttadtoetee^ltto ae«nMfl/ 

the eeut^ 

fhe gratiaa at oiieb in the ndU amet'bfteegidMdA 

hjF^Mt tf^leee^idf fle e n e a e erfiohfcfe it ,i» ragriwi^ whidhi 
Aieat^ fte cwrttoo friqttaBtfe^^tftbe gcomd M 

fiibe Teqaisieb IbfgHnfin^la ahtb AijBendmft upoii 
^'Ifteifeit ^ Imt.lift: RM^avDit that faia 

cqloW'^cuidar haa ground the quantity of colour which, used 
biai^B<r'diiy'ft Ihsftr hoUM}' ihei ectoor dae was 
iMwa^’MlIia BiitisftMtleta^iiddaMkiidedwift'leiikwa^^ 

'When the ;fttiotnp ftgrotmiii Mi^.'Rav^imou reednanendai 
instead of drawing the neck d the bladder up close in the act 
of tying ity to insert a slendef eVfflSdrical sticky and bend the 
Madder dose roond it; this, when dry, will form' a tube or 
pipe, through which, when the stiSeU is withdrawn, the colour 
squeezed as wanted, and tbS neck again closed Jby 
ne ^ick; 'fhis is :^t onfy' a na^. tnd 
, tnodcthatt the owetisusHy adcmteid, that of {iet<^ 

fortting the bladder, and '^topping the hole with a oH 
what ft ‘^dttt eoinihon, ^kbyhig u to* Ae ddthhenbhf tiie 

c^diir i' but ^ebladdsf^ doththtg iuhired, mayhb r^eated}]ff’ 
uaddmr fredi qiuiittities of eoibon ^^bsimdfaqitin miy 
he his^rfed ihihe' deidt:W'the bIadder,'>M a'.siftStitntd'for thb 
ehd behig cut dV,' mdy he dhi^ by a sn^ 

i^ with eqiial ^fioftge'hi 
l^ed ft b reptiS^t^' ft 
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THB opj^jcATi^f ^ii;y^A>nc 


wlueii N N tanw |a Ktoom'otdits, cnt io two pie^ oT 

ot^^HiJeeaiij' ItorwiHteUy from a VW) and wMb moMi ti tft wto dnitw ^ 
Aaeoiw m die grooves bjr iiOn pins 0<0. 9, thA ImhU^ WMAvMMI' 
0 pdrt of the mds, and iqrwlMW the gdndft iowwkedt Q^tMWdlw 
wl^lIwoakpMyxs N amflsod. aif^f ooi^p^n^ 

Iw added if more power u W8ivu4< * ^ , \ ^ 

Fig. ddd^ abows die mutter or gHnoer, widi te'oxii dipoMie jlNm ifa# 
odier maidmieqr; it* bottom ehewU be toide to ttt dn aa4|tBr. Bile « 


grd^ ettt dutevgb dm stomi > < • - H . 

< On grinffing tlM indw)^ ortdbmUir wjbftM^ 
in tibif tnetlMr f)«eeii dn minttor 


gecoredinthe ow meces )>p the pins, the ind^ to be greniiA 
ie UnownedKife tl& neidler iota the Harter; on ti|ii«i^i Ihe 
handle of the ttb, the indBIgOt *he hmm, jb^4nH> tbo gn^ 
out throc^h themuUer, and H thenoe otatnl nadir the aei^ 
<rf tiie Bndcr,^ and propeUed tq its outer edge whliia tbfi 
mott»r, whence the coarser parUeles again ftU .into *htt-gtgon 
of the nHiBer.aiiidainaMHigRoimd uader it;,wduch,e! — 
k coiitined titt>the.ii^k>fll it jagran^d to an 
powder; the Auttw kothentea^y xaiporedr apd ilia 
taken ouh • - '»'*.’«♦ 

I M waed'OBiiaria-hiiiv«e» with a hole thp axia« k uaigMfjr 
pkcbd upon the ncwtar, dinhw the operalaiui* to ipwieiid 
amy^loBaao tik eolearj* or bad ent^ to the operator. 


POTTERY. 


Tbb ckya heat adap^ for the manokcture of eafthen* 
wrare are excavated in Xkrietehire, and the next in qtiaU^ $a 
Oevonahire. • ^ ” 

,The natural oompponday called claW con^ ghtietimy'pf 
pare clay, at abuniop, oomhined with either idkx hrimil^ 


.iof redpprcfmtioni^teto tbedii^ Him 

jnmaiia j|uk ^ ’'kune of aaap>)rocl^'anff a oktliiltt 





dUfci hnktimAym 

tili idqr ^ » the «ot«eia^j£ 

> eii wiin » ■wnettded* %i( thi 
■MuQ&i'^ (NId il»f U (kmnded'to be a^edaqliltiietidie*. 
tifliihiein4((iiKedth«iMi|itiet(b^ IJiiHAiA 

lf<{61d kitoi btdeife to^nBd' efteie^tD^di ^bnm^ 

ftie Itadr lad <lSk Iwfn neeee. and ibm aakMi wUbcertaut 

e,%hibb/‘nf(evri8«, Itofe'bnea wd M id i ttottngfc nUklami 

v'» ^ JtvHU I .J 

f'tddHi t9^>fl4M!?M'biMtbih«v«l!Vldbid ef 
I tonediiwi Wftteto^the.iBaa^ and 

d U la]nib>faita»bwnlier tiii>» 

" 'fed iepafafehr, dnd'h tnlnedtfai MiNMr 9 i«po«> 
Pdtd^btiierW]^ n« hp*’ j-ia - r, 
g|a^*iAw^'n44Wl i M( gM |tort<>iBB eaood 

, fed Hib'phrtbj HtVIdl Ife^ w* .befe j^nfanaly^ aw 
l8«Sj/lfbd m wlitia ]t^]M«wdtliWli^ flnaillnfe'ilBfeii 
r e gme dfi fimnadieBee it in pumped iqpem tiie dip-ldlii. • j 
" Wien a atefeMi^e' la weA fea'aMpiiaraiiiieim into a 
tfet-ivod biMe, feont ‘tife feet addafe top, and aln 
feet deep. Ttahide ef flim oM#aW feifealwiHf kniveii^feviiig 
a npind anangement and im^toadon, and ladiating towarfe 
Che centre, m the centw eTIlibie ie mniKd a pemwdiealar 
thaft, with similar ndkiting koives^ ao that w W^ea, by 
the rerolution of the riialk>'^'ht {deces every tfaing that in 
lltnnra into the cone, and force downvraid^ wreeaUy to the 
naiuw of the eoevr, i^ttacever* uuy bt put^'W it it ^s- 
4 ^idged*thronfe an oHflfe at the tMtfeni. < 

^I$e ckfy won reduced to powder, is neat 8idd«efed to 
^ inocfet of b]ungln|f. ‘Vbi' thia p a qpiae iC ia thrown into 
a wg^ e^oJIr wt, or ^kfew, faavnga atronarfertical feaft 
«f «pod, vnth arnn ferfefe tikb a nfe'aa taalL w«nkad by 
^ ppwert^ the stMtW-bdfeia. Ike \rbt fe aeany d&d wHn 
tMctiona Ofw^ at^d efay, <M)ddi, by the rapid 

ra fee ahafL beeamea wtiB fevfeated and ndxw; 

day or watw'oeUfejfe^ fem'die Hguid it (d t^cfedat* 
alvniani% ViD^, i» then pataed'ktoife aefeial' 
^Qatfee^tig of fefe' b£ Vdddi » flxpd a dfe hafe o;^ 
1^mb all^ tafe ai anfek hotitoniid<nio^^ 
& tnac^fey, vUdt fenaa# 4ia 

ppPj^ ^ ytai^ vrhihi naptdfe 
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TBS dnakfvm uamAMn 


tikmag it it/1>r tk>c»g W iB » 
kfiiK IM ttki*fi»etdMf>, 

luid tiTamlhiieiioiie. Wfc«i«Nl-‘bsti»it’Jrf^^ 
of tbtf^kilR and thrown into' eoM )<i «Ri«r«» hHihM 

agmMlaa, aCrd mahe H euRCt to NdOWI «• ]K>wd<B*WThft 
l&t i»Qexah*(dMn into p^oOMi dMiMr hgT^gMutdal mwoq or 
aia^aei7. Wlutt ntfattal JafconT !•> omImi^ one idiiilIs 

In the other^^hdoow tikd Uinta aN'<piii’da a'stroag imm 
gyaftfig. and ire’aboek hf bife%MaaMii^ monad by ma^ 
cfainerjr, fHt Hkefbe airroraeed ha to jhlMlaNMi^aJdw ^mtiog 
intea aatityj ftomttteoewtliay arotidmtirua Jiatpiai^ 

The vi a ktge dwalai vat^ about 80 

inches deop^ with 0 step 6xed in the eentre at tbe,fic^ni 
for the -axis «tte vaitteal weed or iroa dialtr 'Jtie< iwper 
end of the ahaft’iet sdrniotiated by a laige erown eog-wneelj, 
to whidt the B dodn g ' po we r it appUed. The loiTOs end has, 
at i%ht angles, four kares, or paddles, lihe arma^ o|Nan 
wbieo are mchd dieet^steties. ieiga bhx^a of eb^wtene 
are dso phKIed is thfe rat. He flints bdag pot into tbe.riat, 
the whow is comed n'idi wate^ to prevent any dust 
arisif^, Whioh- had formerly aaefy ialniiona efwct. Fbwer 
being oOBtmntiieated to* tiie riridt^ the chertwtonea me imr* 
lied round with cOneideTsblerdooity, and the calcined fwtH, 
being of a very firagile nature, she, 1^ their reciprooal acUon, 
reduced to an isapa^ble powder. 

Tbit semi-fluid is ptt mto another rat, that hes o sumTsr 
vertical shafts and vdien a large quaatite oi water haO ^n 
introdaeeii^ tbe power is applied ana the whole is, won' 
levigated. In tide process, the wdf^dy partides sinh to tbe 
bottom, and the'fln^ tesMin ha Snspension ^ which, are then 
passed into a ta ae r v oir that ban eertalo apertnrealpir disaying 
off the siilr{dus'watfer,^l U has subridw to a state ^t. for 
tiie potteir’S nse. Thb Is a very kwoitaot process, and is 
attended wMs shme diBctdty. It ia at preaent jb^,j}er^ 
formed by Mr* S amp so n Hamey, of 8aQdoi|,hi^^ , 

The oim rti ftBet nr er ahotdd bo very t^micpin i 
gtonestBldettipli^edlfithegrinfbigfior idMn 
hdn csa iMtW( || i ' mWweimte^ aneb pasta idll ho 
by the.dHemna mattsf wIN^ iw a 

proeSM^ Polh « aerioat ihfufy,’ 

ATew yeai^ ^ a h)as to tits aasoonk ^smei9t.t 

iMftti thit higi tywi j 
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ftiwwift i a ic m en siulps an !n i 



■oedlAegfairitoof «Beh 

or 4te 4ii«0 ii ^xbre 
^^hstbedeterwttfKlAB^ ItuWtheW- 

sttlLr^ce Attd w^iolftr^ jfilw Ky ftmT 

I 0 «iMbl(id t6 

eadiidndofpAttary; 4uidH^;RO|9^4^<^b«caocalcu- 
Urtey whether taere p? » pnjbiRbilin 01 laal^tng ap^ iia|mve- 
went that wdt yield Mm » {UK||t8]df 
When the pnnmr propoiMi<^* w *%|^ <W lihre 

been well Wni^td togetbeiu the bt the 

reaerroir on the ti^ of th4 flUp4pIiji.\, 

The tUp^kUn i» s Idsdof trawMt iwped nr^btidoi; of 
tuiotte ftotOfSO! to€0 feet, in leiig^J^ irom 4 to6 

in breaddiy ahout 1)3 intdiee in depth* Flnea fiom the 
fire-places pass wader these troughs, and ^e hrieks of which 
they are fonaed being had conduirtiMS of heat* a slow and 
advantageous process of evapotation is OMded on, which ipves 
unifomi ocmsktenee to themass* 

The porcehdn clay is never .idQowed to Ix^, hut is aurefiilly 
evaporated 'at a slow heat on a pburtien'ldhk S gypsum 
being run ott old OMNlds pulreiiae^ and thus Conning a level 
sUrfiMW. 

llie sUp-maker.earefiilly attends tp the evaporation, and 
at ptaftev IMervak turns over with a pad& the thickened 
npHUt from one end to the otiier, s^ toe part neprest to the 
hricin Would bee(»M.hni«Lwh^taieiaq»M were fiuid. To 
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clay into a ball, breaks ft in two, and violently slaps it toge- 
ther between the palms of his hands. The thrower forcibly 
throws the ball down upon the horizontal revolring top of 
the engine, and dipping his hands frequently into water, to 
prevent the clay adhering to them, fashions it into a long 
thin column, wnich be again forces down into a lump, and 
continues to repeat the operation until he is satisfied that 
the air-bubbles, which might have remained in the clay after 
the processes of slapping and balling, are dispelled. 

The thrower now directs the speed of the engine to be 
lessened, and with his fingers, which he frequently dips in 
water, he gives the first form to the vessel; tlien with 
different projiles^ or ribs^ he forms the inside of the vessel 
into whatever shape may be required, and smoothes it by 
removing the slurry, or inequalities. ^ 

If a number of vessels of the same size be required, the 
thrower has a peg placed as a gauge, which serves to direct 
him in the width* and depth; and when the vessel has two 
diameters, as the neck and body in a jug, he has two pegs to 
guide him. 

*The throw'cr forms all circular vessels in this manner; and 
he employs different sized ribs to finish the shapes, or swell 
of the edge, &c. When he has thus given the first form to 
the clay, he cuts the vessel from the head of the engine, by 
passing a thin brass wire through the lowest part of the clay, 
which separates it, and allows it to be easily lifted off, and 
placed by the bailer on a long board or shelf, where it is 
left to dry a little preparatory to being turned, or properly 
smoothed and shaped. 

Where large vessels arc made, and the power of a steam- 
engine applied, according to Mr. J, Wedgwood’s method, a 
pair of vertical cones is used, the apex of the one being 
opposite to the vertex of the other. One of these cones in 
driven directly by the steam-engine, and transmits motion 
to the other by means of a broad belt or strap of leather, 
which is always equally tight in any and every part of the" 
cones, because they are equal and reversed ; but it is plain, 
that the speed of the driven cone will vary much according 
as the belt is at the top or the bottom of the driving cone. 
When the belt is at the bottom or thinnest part of the driving 
cone, the driven cone moves very slowly ; as the belt is made 
to ascend, the speed of the driven cone increases, and ulti- 
mately attains its maximum when the belt is at the top. A 
strap is attached from the driven cone to the spindle of the 
Ihrowing-engine, and the speed is varied at the thrower^ 
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pleafittre^ a boy working a directing winch. When the 
article is finished^ the machine is thrown out of geer. 

For forming saucers, and other small circular articles, there 
^8 been recently introduced a small vertical shaft, called a 
Jigger^ on the to]^ of which is a turned head, suited to receive 
the mould on which the saucers, &Ci are to be formed. 

When the clay is in one peculiar state, called the green 
state, it is the most suitable and proper for performing to the 
greatest advantage the remaining operations and processes of 
' turning, handling, trimming, &c. 

The ttiming^lathe is the same as used by wood-turners. 
The end of the spindle, outside the headstock, has a screw 
thread, upon which is screwed chocks of wood, of a tapered 
form, and of different diameters, according to the size of the 
interior of the articles of pottery to be turned. The turner 
stands very steady, and receivesnom an attendant the vessel 
to be turned, which .he #xes upon the chock, and then with a 
tool presses the eages close down. 

The tools are of different sizes, from one quarter of an 
inch to two inches in breadth, and six inches in length, 
made of thin iron, like hoop-iron, the end for cutting being 
turned up about a quarter of an inch, and ground sharp. 

Motion being commmunicated to the lathe, the turner 
applies his tool or tools to the various parts of the surface 
that require redurtion of substance, cither as regards thick- 
ness, or the suitable shapes of rims, feet, &c. When this is 
completed, a contrary motion is communicated to the spindle, 
during which the 1'n*ncr applies the flat part of his tool to 
the vessel, and by gentle pressure gives it a smooth surface, 
and solid texture. 

In the turning-lathes moved by steam some particular 
arrangements arc made. A horizontal shaft runs the whole 
length of the room ; and opposite to each lathe is a drum, 
which communicates motion to a set of pulleys, of various 
sizes, fixed on an arbor or shaft, by means of a leather belt. 
Upon this arbor, or shaft, is a loose pulley, connected by a 
crossed belt with a small pulley fixed on the spindle of the 
lathe, which evidently will, whenever the strap from the 
drum is directed upon the loose pulley, receive a retrograde 
motion. The spindle has pulleys counter to those fitted on 
the arbor, and as they are ever revolving, the directing of the 
belt from them to the spindle, by a guide moved by the 
workman's foot, will increase or diiniiiish the speed during 
the turning of the vessel under operation ; and when it is 
finibhedj^by moving the drum-strap on another pulley, retro- 
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grade motion is giren, during which the tui^er smooths off 
his article, as before noticed. 

llie engine-lathe is of the kind employed to give unto 
circular articles of hardware a milled edge ; consequently, it 
differs from the other, or common lathe, in the formation of 
the end of the spindle, and the appendages to the headstock. 
Certain thin circular plates of steel, into whose edges are cut, 
at regular intervals, and of different degrees of breadth, deep 
incisions, are made to screw very firmly on the end of the 
spindle above the chock. The collar-step of the spindle is 
so fitted that it can be effected by a screw pin, which gives it 
the requisite horizontal shuffling motion. Opposite to the 
steel-plate is fixed an iron piece that fits into the incisions. 
The turner’^ tools are filed to give the particular form to the 
designed ornament, and tlte vessel, having been previously 
turned in the plain way, receives a shuffling motion back- 
wards and forwards as the spindle slowly revolves, and only 
when the incision admits the piece of iron will the vessel be 
in contact with the tool of the workman. When the iron is 
against the rim the surface remains untouched by the tool. 
Numerous very elegant and curiously indented porcelain arti- 
cles are formed by tlic engine-lathe. The black Egyptian 
circular tea-pots will exemplify every species of engine-lathe 
tuniiijg. 

As the vessels as soon as turned are in the best green 
state, tliey are, as soon as possible, passed to the handler^ 
who fixes the spouts, handles, and all other requisite appen- 
dages. Such spouts, handles, or appendages, as are in any 
way curved, oval-shaped, or ornamented, are formed in moulds 
of two or more parts, as will be seen hereafter when speaking 
of squeezing. 

For handles, and some other articles of appendage, a press 
is used, con<!isting of an iron cylinder, six inches wide, and 
tea inches deep. This cylinder has a strong bottom, with an 
aperture in the centre, to which is made to fit differently 
shaped plugs. It has a piston acting by a screw, that works 
in a bent iron bow, fastened to the block on which the cylin- 
der rests. Tlie aperture being supplied with a plug of the 
required form, some clay is put into the cylinder, and the 
piston forced down, by tuniing the screw, which causes 
the clay to protrude through the i^crture in the shape 
required. The workmen cut it into lengths, as wanted, and 
bend it into the requil*cd form, and when sufficiently dry, 
affix it to the vessel by slip. Slip is likewise used to affix all 
other appendages. VVhcii a tube is wanted, a pin is fixed 
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in the clay tliat protrudes through the aperture of the cylin* 
dcr, a pin is fixed above the centre of the plug. The vesselj 
being allowc^d a short time to dry, is cleared of all the super- 
fluous clay by a knife. The vessel is then trimmed with 
other tools^ and the whole of the joints cleaned ofi' with a 
moist sponge, which, while it carries off all excrescences, 
gives to the whole uniform moisture. 

We shall, previously to mentioning the process of bqueez- 
ing, take notice of tlie modeller and the mould-maker, whose 
occupations are verj^ distinct branches of the art. 

The modeller has great scope for the exertion of natural 
and acquired ability, taste, and ingenuity : for on him depends 
the elegance, size, figure, adaptation, and correct arrange- 
ment of suitable ornaments. His business consists in taking 
a largo lump of well-tempered clay, and modelling it, by 
continued carvings, with a sharp narrow-bladed knife, into 
the rough figure : he then commences the trimming process, 
by rcm<iviiig all excrescences, insei*ting any additions, and 
finally with a great variety of suitable tools, made of ivory, 
wood, or metal, gives to the whole the several touchings and 
retouchings requisite for finishing. 

The modellers of the present day have attained much 
excellence, and as a proof we need only to state, that many 
w'ho have seen the Portland or Barberini vase (for model- 
ling of which Mr. Wedgwood is said to have paid Webber 
the enormous sum of four hundred pounds) declare, that any 
good modeller would now execute the whole himself in less 
than a mouth, and with a proper assistant in a fortnight* 
The branch of modelling, however, is by far more common 
now than it was in the time of Mr, Wedgwood ; and good 
workmen obtain fair remuneration for their labour. 

The mould-maker receives the model, and forms from it 
the requisite moulds, by employing plaster of Paris. 

The gypsum or native sulphate of lime plaster is first 
ground in a mill, similar to a flour-mill* It is then put in a 
long trough, under which runs a flue communicating w^ith the 
fire, to effervesce until all the water is expelled. ITiis process 
is called both boUing and burning. ITie workman has his 
mouth and nose always well covered, to prevent his inhaling 
any of the dusty particles, which would, if taken inwardly, 
be very prejudicial to the lungs. 

The mould-maker forms, and secures by a broad strap, a 
casing of thick clay round the model : he then mixes in a jug, 
containing a certain quantity of wiiter, the proper portion 
of the soft impalpable powder or plaster, and stirring it 

2h 
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quickly, that the water may have an opportunity of pervading 
it thoroughly, pours it upon and around the model : in some 
instances gently or briskly shaking the mass. Some heat is 
immediately given out, and the whole very soon becomes a 
compact mass. After standing a short time, the mould is 
easily separated from the model, and each part is placed in a 
stove to be dried. 

When the moulds are found to be perfect, they are kept 
dry, by which they retain the property of absorbing moisture 
with great rapidity, so that the squeezer can often separate 
his work from them readily, and when this is the case, the 
mould is said to deliver easily. 

. In some of the principal manufactories large slabs of 
plaster are fitted up as shelves, which serve the twofold 
purpose of holding the newly-formed articles, and of facilitat- 
ing the drying, by absorbing a portion of the moisture. 

The workman, called the dish-maker^ who uses moulds, 
for dishes, plates, saucers, wash-bowls, or hollow ware, 
always cuts off from the mass a piece of clay according to the 
size and strength of the article he has to make. This he 
again cuts asunder, or breaks with his hands, repeating the 
operation of forcibly slapping them together, to prevent any 
air- bubbles from remaining in it. The piece is then laid on 
a flat surface of board, or plaster, and the u jrkman with a 
heavy lump of clay, with a level under-surface, adapted for 
holding in the hand, beats the clay to the thinness the vessel 
is intended to form. These pieces of clay are technically 
called bats. 

For wash-bowls, dishes, or plates, the workman, called the 
whirler, uses a vertical spindle, surmounted with a circular 
block, ten inches di meter, and about two inches thick. On 
this he places his plaster-mould, and with a bat lays the clay 
properly upon it; he then with one hand gives motion to the 
whole, while with the other, dipped in water, he presses the 
clay very close to the plaster-mould : then, when any addi- 
tionaf piece is required, as the ledge, or foot, it is joined on 
with slip, and firmly squeezed to the otlicr clay. Afterwards 
a suitable thin tool or utensil of pot, of tue profile of the 
inside, is applied, to give the proper shape and thinness. 
The sponge is now again employeu to clean off all excres- 
cences ; the whole is cut to its size, finished with the spon^, 
and set to dry a little, and a horn tool is employed to trim 
it off. 

The moulds are capable of being used five or six times m 
succession each day, becaiise soon as one has been charged 
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it is set in a stove to dry, and as the workman proceeds 
regularly, each is allowed equal time for drying. 

When the bowls, dishes, or plates, are taken off the 
moulds, and hi^ve been pared round the edge with a thin 
bladcd knife, they are slightly polished by the hand, and 
afterwards laid on each other in quantities of four, eight, 
twelve, or more, according to their size and strength, to dry 
and harden, preparatory to being placed in saggers for the 
biscuit-oven. 

The squeezer generally uses moulds which have two or 
more parts. The moulds for figures have tl^eir parts numbered, 
lie takes a bat of a proper size and thickness, and lays it 
in one part of the mould, then with a large sponge beats and 
well forces it into all the cavities ; he next takes another 
part, on which is the bottom, and presses the two parts toge- 
ther ; he then rolls a piece of clay, and forces it into those 
parts of the article w^here tlie mould joins together, and 
afterwards cleans off all the excrescences, and sccurts the 
parts by n leather strap, so that they cannot come asunder 
while the mould is in the stove, or on the shelf, to dry to the 
green state. When he takes the strap off, the parts of the 
mould are carefully separated, and the vessel finished, by 
the joints being pared, cleaned, and sponged. The spouts, 
liandles, covers, ornaments on the outside, and figures, arc 
similarly formed and finished off. 

This part of the process was formerly performed by casting; 
but castwg is now only employed for the most elegant 
irregular shapes, where strength is not important. 

'riie very dry mould is well closed together, and strapped 
for socuiity. Some clay is then mixed with pure water till 
it be reduced to a pulp of the consistence of cream. This is 
poured into the mould until it be filled, and the plaster, of 
which the mould is forme 1, absorbs the water from the clay 
that is contiguous to it, and leaves a coating of clav attached 
to the mould. The pulp is then poured out, and the coating 
allowed a short time to dry; a second charge of a much 
thicker consistence is then poured in, and forms a body suffi- 
ciently thick for the article intended, and when a coating is 
i^ain formed, the remainder of the pidp » poured ofl> and 
the mould placed a short time near a stove, and when suffi- 
ciently dried is separated, aUd the article left to dry to the 
green state : the seams of the joints are then smoothed off, and 
the article is finished by the skill of the workman, md when 
thoroughly dried is placed in a sagger for the biscuit-oVen. 

All Uie articles made in the clay hy these various processes) 

2h2 
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after being Qiiibhcd iu reference to their shapes, figures*, sizes, 
Gniaiiicnls, &c. are placed on boards, and left to dry by the 
tcnipeiature of the apartment whefe they were made, or put 
into ,i drying- house, green-house, or stove. 

The sa^ger-maker^ is expected to know the exact propor- 
tions of marl, old ground saggers, and sand, that^are required 
to form the best saggers for either pottery or porccLiin. 
Saggers are of different sizes, shapes, and depths, formed of 
a very porous composition, and capable of bearing, without 
being fused, a most intense heat. The bottom of each sagger 
has a thill layer of fine white sand, to prevent the pieces of 
pottery touching and adhering to it. 

For porcelain flat ware, as plates, &c. the sagger is also 
firmly filled with very dry flint, to preserve each piece in its 
proper shape. When a nagger is filled with clay ware, on 
its outer edges are placed thick pieces of coarse clay, called 
wnds from their being employed to wedge or closclv join 
the interstice between two sjiggers, as well as to support the 
edges, and preserve equal pressure. 

Each pile of saggers jilaced in an oven is called a bung; 
and the man who places the ware in the saggers, and the 
saggers in the oven, the oven-man. 

The potter’s oven, for both biscuit and gloss firings, is very 
much like that in which bricks and tiles are usually ournt in 
most parts of the kingdom; that is, a cylindrical form, 
surmounted by a dome. Around this oven are formed fire- 
places or mouths, whence the fire passes into horizontal 
flues in the bottom, and perpendicular flues, called bags, on 
the inside, and so ascends through all the interstices of the 
bungs of saggers, until the surplus escapes through the 
aperture in the dome of the oven. 

Most ovens arc surrounded by a high conical building, 
called a hovel^ large enough to allow the man to wheel coals 
to the requisite places, and to pass along to supply each mouth 
with fuel ; and at the same time to protect both him and the 
oven from rain or any other atmospheric inclemency. 

The saggers are sometimes placed to dry in the sides of the 
hovel, and sometimes in a smoke house. 

The biscuit-oven always the largest upon the premises. 
The workman is called the biscuit fireman^ and is employed 
from 48 to 50 hours at a time. The heat is gradually in- 

♦The woid sagsfor ” is by many supposed to be a corruption of safe- 
guard; but we are disposed to date its oiigin to the Hebrew, from the 
word iagaTy to bum It is a baked eaittleu vessel into which others are 
placed when put into the kiln 
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creased throughout the time, but porcelain does not require 
it so long, as it more readily allows the heat to be raised. 

In different parts of the oven, where they can be easily ex- 
tracted, rings of Egyptian black clay are placed, as trials, by 
which an experienced fireman ciui tell how much longer the 
process must be carried on, not within an hour, as indi- 
cated by Wedgewood’s pyrometer, but within ten minutes 
Hence the pottery district has a very pertinent proverb : 

Nothw^ beau a trials 

The name of the ware thus fired is biscuit^ because of its 
being to appearance and feel like ship-bread when well baked; 
the surface is devoid of any appearance except that of a 
tobacco-pipe, sometimes tinged by the intense heat. When 
the saggers are taken out, the articles are carefully sorted, 
and all injured pieces are rejected. 

I ^»'>*tery were used In the biscuit state, it would, in some 
cases, bo permeable to water ; hence wine-coolers, alcazaraSy 
are aK ays in the biscuit state, llie best size of wdne-coolers 
is that wliich just admits the bottle, for then the air of the 
room can very little affect the water in the cooler, wliich con- 
sequently, by passing from the inner to the outer surface, effects 
the purpose sooner ; a humid coating being thus presented to 
the action of the surrounding atmosphere, the evaporation 
causes a consequent quicker diminution of heat than could 
take place with a dry surface 

All articles of pottery which have but one colour, and many 
that have several, arc in general ornamented either by the 
pencil, or by impressions taken from copper-plates. The 
foi’incr is called blue, or hiscuit-painlhif^^ tlic latter blue- 
2^rintwg. Both processes take place on the biscuit, prior to 
the ware being dipped in the glaze. If the ware were not 
previously fired, and were capable of being handled about for 
the painting, the water, used to soften the cuJours, w'oiild 
soften tlie ware ; and the impressions from plates could not 
be clearly, even if at all, transferred to the ware ; water also 
could not be employed to wash off the paper, and the water 
w'hich contains the components of the glaze would be ab- 
sorbed by the clay body, which would Im^is means be ren- 
dered so soft as not to preserve its shape in the oven. 

It has been thought that advantage might result from 
being able to mix some substance with the clay of enamelled 
ware, which would resist the action of water, as suitable 
glaze might then be first employed, and one firing answer for 
both the biscuit and the gloss, which would save one opera- 
tion, as well as the time, labour, and expense of fuel. 
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In bltte-pniniing, the colour is mixed with water and gum^ 
and carefully laid on the biscuit ware. As every stroke leaves 
a mark in the pores of the vessel, great attention must be 
paid to the pattern, for a stroke once made can never 
be rubbed out. After the Jjattern is finished, the ware is 
allowed to dry by the atmosphere, and is then dipped in the 
gla/.e ; it is afterwards exposed to heat in the gloss-oven 
\\ hich fuses the minerals contained in the colours, and gives 
to each a coating of true gloss: about 4(XX) young women are 
employed in this branch of pottery, and by their industry 
support thcm.selvcs in a respectable manner. 

lilue-priniing is the impressions taken from engraved cop- 
per-plates by means of a rolling-press. The blue-printer lays 
the plate upon a stove while the oily colouring substance is 
rubbed in, and by the heat the metalline pailicles contained in 
the oil flow and sink more readily into the engraved lines. 
The colour is oxide of cobalt, mixed with different sub- 
stances, and in suitable proportions, for the pale or dark 
blues. 

The superfluous colour is carefully cleaned off the hot plate, 
which is laid on the press, and covered with a piece of coarse 
tissue paper, which has been first brushed over with a strong 
lie of soft soap, called sizing. The whole is now passed 
through the press, and the heat of the plate dries the paper, 
renders it more adhesive of colour, and also more easy to be 
extracted from the plate. The impression M'hen taken off the 
plate is given to a girl, railed a cutter^ who cuts it into 
shapes, and hands the parts to a woman, (tlic who 

puts them on the biscuit, and when she has properly arranged 
them rubs them till the several pieces are completely affixed to 
the biscuit article : the article is then left for a short time to 
imbibe the colouring matter } after which, the paper id well 
A/ashed off with clean water, and the article is put into a kiln 
to dissipate the oil. Sometimes the outline of a pattern is 
printed on the ware, and the colours are afterwards added 
with a pencil. 

'^The earthenware is now rea^ to receive the smooth coat- 
ing called glaze or eloss. Tlie employing of this glaze, 
though in general, always, with a design to prevent ihb 

vessel from imbibing the liquid that may, at any future time, 
be poured into it ; because some bodies of earthenware are, 
before glazed, impermeable to liquids of any kind ; but with 
a design of accomplishing a more ipiportant object, that of 
hiding the substance of the vessel, which is not always either 
for fineness of texture or whiteness of colour; of a very pre^^ 
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possessing appearance. A coating of mere glaze would| by 
its transparency, only expose these defects ; even if it were 
sufficiently contractile and expansile, by sudden changes of 
temperature, to admit of its being used. Hence is employed 
a vitrifiable composition of oxides of lead, glass, tin, &c. some- 
what resembling common flint glass, readily made fusible 
by adittle alkali and hardened flint, which will, when well 
managed, possess sufficient opacity, and by applying a certain 
degree of heat, flow and vitrify, and render fusible any flint 
or clay in contact with it, and thus not only fill up the 
pores of the biscuit article, but cover the wliole with an 
opaque coating, that may be regarded as of real flint glass. 

As the glaze that suits one, composition of ware will not 
suit another, owing to the difference in kinds as well as pro- 
portions of materials, it is ever requisite that the cotnponenls 
of the glaze be carefully appropriated to the hardness, density, 
&c. of the components of the clay; because a good glaze 
should always possess the property of remaining, after being 
fired, unaffected by heat or cold, in exactly the same ratio as 
the clay, else on any sudden change of temperature, - there 
would be a counter action between the body and the glaze. 

When the article is short-fired, it is always more busceptiblc 
of the components of the glassy surface, and becomes al- 
together crazed, or full of little cracks, which render it perme- 
able to w’atcr, and receptive of oily and greasy, and other 
heterogeneous substances, and ere long the article will, by 
constant usage, appear very much like a rotten substance. 

CraMug is the technical term for the cracking of the glaze, 
w’hatever be the 'cause : whether it arise from excess of al- , 
kali in the materials composing the glaze, the deceptive 
union of the body and glaze, the unsuitableness of the body 
to the materials of the glaze, the components of the glaze not 
being equally fusible at the heat employed, or the heat for the 
proper fusion of the glaze being too high for the body 
itself. 

Mr. Parkes states, that a little lime mixed in the clay will 

J ireveiit crazing ; but manufacturers are of opinion that the 
act is the contrary. Lime will in a slight degree add to the 
transparency of porcelain, but ever render it liable to craze. 
If the articles, whether biscuit or gloss, be taken out of the 
oven before tolerably cool, the temperature of the air will 
most generally affect them, and especially the glaze, which is 
not then properly annealed. 

The glaze is a vitrifiable composition, about tlie consist- 
ence of, and in appearance, very much like new cream. It is 
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essential tl at it be thin^ and when iired^ possess a degree of 
opacity to approach as nearly^ as possiole to^ and jet be below 
the fusibility of the biscuit^ that the combination may be 
more intimate and permanent. Hence its composition varies 
for each body^ consonant with the view and experience of the 
maniifiicturer ; and it is very seldom that it can be applied to 
another body without previously altering its composition. 

In some instances the cost of glazing is much less than in 
others ; though economy is sought for in all, and each manu- 
facturer regards his own as the best and cheapest of the kind 
for the purpose to which it is employed. Great care is taken 
that the recipes^ which are considered very valuable, be kept 
as much as possible secret among themselves, to prevent 
foreign potters availing themselves of them, to the injury of 
our manufacture. 

Raw glazes are employed for the common pottery, such as 
toys, jugs, tea-ware, &c. They are generally comppsed of 
wiiite-lead, Cornish-stone, and flint, ground by a hand-mill. 
We have seen a few raw glazes for porcelain of a very good 
quality ; but fritt glazes arc mostly used, and are^of excellent 
quality. 

Fritt is derived from a certain combination of different 
niatcrinls beiJi^ well mixed together, or frittf^d^ and then cal- 
cined 5 which procures a union of all the parts, and a solidity 
and purity not otherwise attainable. The fritt is generally 
placed wlierc it can be affected by a sufticient heat to fuse all 
its ingredients, without volatilizing the uncombined alkali. 

L)nn sand is occasionally one of the ingredients eni- 
.plo5ed ill the fritt. *801110 persons use soda, to render the 
fritt more fluent while being fired. In some instances, com- 
mon sail is used along with a portion of potash, Mdiich decom- 
poses it, and drives off part of its impurity. The remaining . 
impurities are driven away in the process of fritting. Let it 
be reinenil^ered. however, that brilliancy of glaze is formed 
inly by lead ; and that the employment of salts ever produces 
a poor appearance. 

The calcined fritt is pounded, picked, sifted, and ground to 
an impalpable powder, after which it is mixed with certain 
proportions of white-lea<l and flint, and again ground ir» a very 
powerful mill. 'Phe finer it is ground, the more serviceable 
it is for the purpose ; tiue glaze is every w^y better, is more 
level on the ware, more readily and easily fired, of greater 
brilliancy, and scarcely ever liable to cra/e. 

The lead causes the other components to vitrify at a certain 
heat I and accordingly as more or less is used, the glaze 
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becomes harder or softer. Many objections have been made 
to its employment : those in reference to vesbcU for domes- 
tic purposes wc have already noticed ; and in reference to the 
dippers being subject to paralysis (which is supposed to 
result from the lead,) every aid is ailbrded by provcnlivcb, 
and where attention is paid to personal clemihncss, and the 
M ater and towel placed for their use are employed, deleterious 
effects can seldom be experienced. 

The malerialb being well -ground and in a state of fluidity, 
are next put into the dipping tub. As the materials are heavy 
it is requisite to keep the powder suspended, and unifonnlj 
dispersed through the mass, which weighs about 32 o/. per 
alc-pint. By the side of this tub stands the dipper, and a bo} , 
his assistant. The boy is employed in bruslnng the arlicle'*., 
and delivering them, one by one, to the dipper, who dip.** lliein 
quickly into the liquid, and as soon as he takes them out, 
luriii th^m rapidly about, that the thickness of the liquid 
may be equal in all the parts. The water is imbibed by the 
porosity of the biscuit, and there is left a coating of the sub- 
stances, sulbcieuDy hard to continue affixed until the article 
be placed in the sagger. The article is then placed on a 
board, another is similarly dipped, and thus it proceeds until 
the quantit) be finished, when the Wrhole arc put into saggers. 

\v hen a flat piece has been dipped, it is placed on a hoard, 
ill which are a number of nails, about an inch above the sur- 
f ici* ; the superfluous compound runs oft^ the remainder 
quic kly dries, and soon admits of being moved ; which elVects 
a siiMug in fuel and materials, and tJie articles are better 
gla/cd. 

i lollow piec'cs and blue-printed ware, are placed on hair 
sieves, or on four pieces of sheet iron, from two to three feet 
loiK'^ called a Jidale ; in three minutes the dipped articles 
are sulliciently dry to be removed to the board, and a lew 
minutes utLervvaids to be placed in the saggers- 

lii tlie inferior earthenware certain metallic oxides, as of 
copper, &c. are mixed with Ihegla/e. These kinds of gla/es 
are distinguislied by the name ot dips*. W hen tlic article has 
been thus dipped, it is finished on a turner’s lathe, to mark 
tvdiiit is to b(‘ white, and when the appendages are affixed it 
is dried in the oven. 

The articles are again put into the saggers to fuse the glaze, 
and as in this process each would attach itself to the other, 
were the} to come in contact, pieces of clay of different sizes 
and shapes, called stilts, cockspurs, rings, pins, bats, &c. 
are put to keep tlieiu apartt 
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The saggers are, as before, piled in»the gtoss^wm^ Which 
seldom holds more than one half the quantity of ware fived in 
the biscuit-oven. The gloss^Jireinan raises the temperature 
as quickly as possible to a height sufficient to fuse the glaze, 
which is much lower than the heat of the biscuit-oven and 
usually keeps it fired from 16 to 19 hours. Thials, made of 
native red clay, are found very essential in this operation, to 
prevent the ware being more hitensely heated than the biscuit 
body will bear ; for as clay contracts by every addition of heat, 
were the heat of the gloss-oven to exceed the heat used 
for the biscuit, the ailiclea would be further contracted, and 
would be either crooked in shape, or injured in the glaze. 
The coating of glaze which adhered to the biscuit is, by this 
firing, uniformly spread over the surface, the particles are 
fused altogether, and the ware, when cold, appears to be 
covered with perfect gloss. 

As the gloss-oven is sometimes fired to a greater degree of 
heat than some colours will bear, another process is employed, 
called enamelling^ because the designs are more elegant in 
their execution and form, and the colours are burnt intd the 
ghize of the pottery. These designs are of the finest descrip- 
tion, and are most delicately executed upon the glossy surface. 

The colours used are generally of a mineral or metallic 
nature. For blacks^ oxide of umber and cobalt, and a little 
oxide of copper. The best oxide of iron is produced by 
causing heated air to act upon iron. 

For purples and vi(^lets, precipitate of cassius, and oxide of 
gold. 

For greens^ oxide of copper, and precipiU-tc of copper. 

And for blnes^ oxide of cobalt. 

These oxides arc all in an impalpable pow der, and are mixed 
with a certain powder as a flux, and are so prepared as never 
to spread beyond tlicir lines, or injure the drawing while 
being fired. 

Each Cidour is ground with a muller on a large bard stone, 
and is incorporated with acid of tar, oil of turpentine, or 
whatever oil may be deemed suitable, and is evaporative. 
Camel-hair pencils arc used to lay the colours on the pottery. 

As both males and females are employed in this branch, the 
men arc called the vfomen paintresses : but in blue- 

painting, 'where no men are employed, the women arc called 
blue^painters. 

This is the finest and most durable species of painting, and 
it is capable of being employed for the most elegant and valu<« 
able embellii^ments, as neither air, nor wear, can affect 
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cither the beauty of the design, or the brilliaiiey of tlie 
colours* 

Gilding rcquireb the precipitate of gold from its solution 
to be properly mixed with oil of turpentine, and great pains 
must be taken in laying it on the pieces, which is done in a 
manner similar to the preceding. When the article is heated, 
the oxygen flies off and leaves on the ware the gold in a metal- 
lic slate ; but the natural brilliancy of the gold is wanting, 
consequent!)', a burnibher of agate, blood-stone, or steel, is 
applied to the gold, first moistened with flint-water, to pro- 
cure the bright and shining property of the precious metal, 
u'hich is, by that means, (juickly brought in view. This, when 
the gold is not too much lowered by fluxing, will scarcely 
ever tarnish. 

Black-printing is a very distinct and curious process. Hie 
Avork an boils a quantity of glue to a certain coubistence, 
ai.d jours it oa wry smooth dishes, to the thicknebs of an 
eigl -h or A quarter of an inch, according to the bizc of the 
plate he may have to use. This, when cold, is cut into bi/es 
for plate, called papers; and he makes as many :is he can 
conveniently use in his routine of working. 

"I'iicn taking a coppcr-plate, properly engraved, he rubs 
into it boinc well-boiled oil, and having properly cleansed the 
plate, lorciblj presses the glue-paper against it ; the latter 
l)eing firmly fastened to a piece of wood to be held in one 
hand, and the paper being laid on a boss or cushion held in 
the other. The oil in the plate adheres by the pressure to the 
glue- paper, and he carefully, but firmly, presses it and the 
piece of pottery together ; then separates tliem, and with fine 
cotton slightly sprinkles the colour (which is in an impalpable 
powder) upon the design left by the oil. Alter a certain time 
the oil has evaporated sufficiently to permit all superabundant 
colour to be wiped off, which is done with iiiuch delicacy and 
attention, by using old silk rags, and the black printed pot- 
tery is placed in the cnaniebkilii, where the glaze and colour 
fuse and incorporate. 

The enamel-kiln is commonly made in the shape of a 
rheinist’b muffle, from about six to ten feet long, and three to 
five feet wide ; having from one to four mouths, according to 
the size of the kiln, and the purposes to which it is applied ; 
these mouths are made for the admission of fuel. In this kiln 
the articles are very carefully placed in layers, or thin bats, 
until the whole be filled; the mouth is then stopped, and the 
kiln fired for about eight or ten hours. 

The articles^ when painted^ gilded, or black printed, are 
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Bubjccted to a third firing in the enamel-kiln^ which fuses both 
the glaze and the colours, and the mineral orBUetallic particles 
flow and become incorporated into the glassy surface* 

Lustre ware consists of an inferior quality of tb^ materials 
worked into the usual forms, and having the hue of gold, 
platiua^ or copper, &c. fixed on the glaze, whose great 
brilliance, when first made, occasioned it to be thus named. 

The very easy method of performing the operation, and the 
quick sale which the articles obtain, caused it to become 
so common, and of a quality so inferior. «is to be little esteemed 
by potters. 

* The pottery to receive lustre is made and glazed for the 
purpose. That for go/d lustre is made of the red clay of the 
district, and when fired gloss, has just a sufficient tint left to 
give to -the articles that peculiar shade of colour observable on 
viewing them. A very common article of cream-colour is 
commonly used for the silver lustre, 

"l"Jio oxide used for lustre, as gold, platinum, &c. is mixed 
with some essential oil by the application of heat, and the 
fluid is brushed over the surface of the articles. Some'ftinies 
oniainents are formed on the surface. For this purpose, a 
thick fluid of soot or lamp-black is laid on the articles, by 
brushes, according to the patterns, and thje articles are then 
heated in a very hot iron oven, and afterwards have the lustre 
ftrushed over them. When dry, they are placed in a kiln, 
similar to that for enamel ware ; which, bcijig carefully fired, 
dissipates the oxygen, loosens the omanienial article, and re- 
stores the metallic lusUc cO a degree ahnost equal toils primi- 
tive brilliance ; but in some cases it is of a coppery and 
steely brilliance. 

In Messrs. Rileys’ shining black biscuit porcelain, tlie ware 
is of a jet black jasper, or porcelain body, having undergone 
a high degree of vitrification, which elicits a lustre, or bright 
vitrified polish on the surface, of the appearance of black 
coral, without a glaze, which is of considerable importance in 
point of durability, elegance, and usefulness. It is warranted 
never to change its elegant quality by time or use, and will 
clean with water, equal to a piece of the finest porcelain. It 
has a decided advantage over the dry* body^ or common 
Egyjitinn blacky which is generally scoured and oiled to give 
the surface a smooth appearance, by which it imbibes dust 
and becomes oiTensivc, and the substance of which it is com- 
pt^sed being of a porous nature, it becomes saturated with the 
liquids poured into it, which eventually prove unwholesome, 
well as disagreeable to the hands and sight^; tilie whole of 
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these disadvantages is obviated by Messrs. Rileys’ black 
lustre^ which, being perfectly vitrified, allows no liquid to be 
imbibed. 

The direful effects of using lead in the manufacture of pottery 
are manifest by severe cholics, paralysis of the limbs, and 
often the untimely death of the workmen ; and yet this dan- 
gerous mineral forms the glaze of the common rei! pottery^ in 
which much of the food of the lower classes is prepared. 
Lead is slig' soluble in animal oil, more copiously in the 
acids of our common fruits, and more especially when their 
action is aided by the heat rcc’ dred in cookery. It is not 
improbable that ma4.y of the visceral disorders of the poor, 
who use fuch pottery, are attributable to this little suspected 
source , and that it is ^o procure the temporary removal of the 
pain occasioned by tne action o the lead, that they habituate 
themselves to the deleterious use of distilled spirits. 

It was on this view of the subject that the Society for the 
Encouragement of Arts, Manufactures, and Commerce, were 
induced to offer their largest honorary premium for the dis- 
covery of a glaze f^r such red pottery, composed of materials 
not any way prejudicial to the health, and which from its 
cheapness, and fusibility at the comparatively low temperature 
required by red pottery, might supersede the use of lead in 
that branch of manufacture. 

This important object wan eventually discovered by 
J. Mcigh, Eh(j. of Shelton, who was well persuaded of the 
possibility of its accomplishment, and who, without any 
other stimulus than a desire to benefit mankind, first fully 
ascertained what particular objects were contemplated by the 
Society, and then communicated his successful process ; by 
Avhich any makers of red pottery, who may choose to depart 
from long-established usage, which is but too often the 
greatest obstacle to improvement, may easily remove the 
source of the mischief, and considerably improve the quality 
of tiie ware, and effect a saving in materials in fuel. 

*After this view of the subject, we shall not be required to 
apologize forgiving the process in Mr, Meigh’s own language. 

The common coarse red pottery, being made of brick- 
clay, is very porous, and is fired at as low a temperature as 
possible, to save the expense of fuel, and to avoid fusion, or 
variation of shape, which would result from highly firing 
common clay ; consequently there is needed a glaze to fill up 
the pores, that the vessel may contain fluids. This glaze 
must be very fusible, and cheap ; hence, for transparent 
vessels, litharge, and for black opaque, coniinoii lead ore, are 
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used. A glaze of lead^ whether altogether or itK Jftact, la 
objectionable, because, first, when quickly raised to the tem- 
perature of boiling water, it cracks from different e;^pa|isibility 
of the clay and the glaze, so that the liquid permeates the 
body of the vessel ; and secondly, the glass of lead, whether 
alone or mixed with small proportions of earthy matter, is 
very soluble in vinegar, in the acid juices of fruits, and in 
animal fat when boiling.” 

The injurious effects arising front these have been already 
stated. Mr. Mcigh therefore proposes, that a mixture of red 
marl, which can be easily ground in water to an impalpable 
paste, and will remain suspended therein for a long time, 
be employed to dip the vessel in, so that its pmes may be 
filled with the fine particles of the marl, preparatory to 
glazing; which is performed with a mixture, of the con- 
sistence of cream, of equal parts of black manganese, glass, 
and Cornish-stone, (chiefly felspar,) well ground and mixed 
together; in a uliite glaze the iiianganeae is omitted. After 
undergoing this process, the ware is well dried and fired, as 
usual. 

Mr. Meigh also proposes a substitute for the materials of 
the common 'red pottery, consisting of tour parts common 
marl, one part red marl, and one part brick- clay. The ware 
made in this way is of a reddish cream-brown, harder, more 
compact, and less porous, than the red pottery ; more econo- 
mical to the potter, and calculated to contribute in no incon- 
siderable degree to the health of the lower classes who use 
the red pottery. 

The aim of the principal manufacturers has been to obtain 
the composition of a clay and glaze for porcelain, which, 
when fired, should be very fine in its texture, extremely white 
ill colour, possess considerable transparency, and at the same 
time be able to bear different degrees of heat and cold. That 
the reader may understand more fully the several peculiarities 
which are considered by manufacturers as essential to perfect 
porcelain, we shall state. 

That the first and most important quality is a superiority 
in the whiteness oi the porcelain ; that its appearance be free 
from any specks, and that it be covered with a rich and very 
white glaze of almost velvet softness in appearance, and of 
best flint-glass smoothness to the touch. 

That the second important and essential quality is dura- 
bility, or a substance whose components will bear, without 
being injuriously affected, a sudden and rapid increase of 
temperature, and particulvly to sustain unaltered, the action 
of boiling water. 
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That the third essential quality is transparency^ which is 
admitted to be, in some measure^ requisite, but certainly not 
entitled to that high degree of preference so frequently given 
to it, the best porcelain being a shade less transparent than 
a kind much inferior. 

Formerly, connoisseurs very highly estimated porcelain 
of a tine granular texture ; but this criterion of excellence 
cannot always be relied on. 

To ascertain the texture of an article, it must be fractured, 
and thereby tacitly destroyed ; the semi-vitrification and 
closeness of texture observable in one piece will not be so 
obvious, but there will be a* varied appearance in different 
pieces, though all be fabricated at the same time, and from 
the same mass of materials. 

Stone-china is formed of a compound of Cornish-stone and 
clay, blue clay, and flint ; and with a glaze, consisting of lead, 
bullet-glass, Cornish-stone, and flint. It is very dense and 
durable, but less transparent than bone-china ; and is very 
much used for jugs, and the larger sorts of vessels. 

Iron-stone china is not very transparent ; but possesses 
great strength, compactness, density, and durability. It is 
not much used for tea-ware* but has very suitable properties 
for dinner and supper services, jugs, and ornaments. It was 
discovered by Messrs. G. and C. Mason, and has been 
more productive than any other species of pottery or 
porcelain. 

Felspar chhia, which has been only very recently intro- 
duced, is the most noted of all the porcelains ; it results fn)m 
the introduction of certain proportions of a fresh inaterud into 
both the clay and glaze. 

Cornish-stone is a species of granite in a state of decom- 
position, and contains much felspar. Comish-tlay is found 
in situations where this decomposition is in progress. The 
decomposing granite is broken up with pickaxes, and the 
fragments are thrown into running water, wliose uctioii u ashes 
off, and keeps in suspension, tlie slight argillaceous particles 
miscible witJi ftiat fluid. The water is discharged into pans 
or pits, where the particles subside, and the water is evapo- 
rated, formerly by the atmosphere, but now by heated flues 
passing under the reservoirs. When the water is evaporated, 
the substance is cut out in square lumps, and placed on shelves 
to dry, when it becomes extremely white, and in the state of 
an impalpable pow’dtT. It is then packed up in casks, and 
forwa^ed to the manufacturers. 

The clay of the best felspar porcelain is formed of certain 
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proportion'^ of china-stone and felspar ; the miKiiig of the 
proportions rcf pm cs much attention^ for an excess of felspar 
would cause tlie vessels to sin ink in the biscuit-oven^ prior 
to the fusion ot the cl«i)-ey pai tides, which causes its trans- 
paieney; and an excess of china-clay would increase the 
opaqueness. In both cases, the gla/e would expand and con- 
tract in a ratio differing from that of the biscuit, and cause 
the pieces to be enwed. The fusibility of native felspar is 
owing to its containing about 13 per cent, of potash, which 
causes It to be one of the best materials for glazing porcelain. 
Calcined bone is used, and renders the clay very white ; but 
it bliould be employed with j»udgmcnt, as its great con- 
tractibility causes the articles wherein it is used to excess, lo 
crack on sudden changes of temperature. 

Beside the porcelain or china-clay already noticed, the 
manufactures use four other kinds ; the two first from Devon- 
shiic, the tw'o last from Dorsetshire. 

'liic black flay is remiikililG for the fict, that the bituminous mattei 
which fc^es the colour whence it derives itti name, flies off by firing, and 
tht blickfi the clay when first dug, the whiter will be the pottery 

The clay is used because of its extremely beautiful whiteness 

when fired, but it Kquntsvcry exact proportions ot flint, othciwise the 
ware will ci ick during the hung of the biscuit 

llu hi own day burns very white without cracking, and some niinufic 
tuiers use mu h of it, bet as the wire doc's not so readily imbibe the 
panicles of nu Itmg gli/e, the liability of the waie to cra/e causes others to 
reject it iltogelher This clay is with difficulty sifted through the lawn, re- 
quires much longer weathentuj^y or exposure to the action of the atoiospheie, 
for the separation of its pai tides, and to prevent crazing, different prop ir- 
tions of other materials , but the gieatest objection to it is, that some of the 
kind sent within these few yeais has always burned inferior in colour to what 
It formeily did 

Tlie blna day is the best, and the most expensive It foims a veiy 
white and solid body, and requiies a much greatei piopoilionof flint, which 
considerably improves the quality of the ware ; but the piopoitions requue 
very strict attention, and a higher degree of biscuit-tiic 

The cream-coloured pottery has its name fioin the tint of 
its colour being that of new cream. It is, when well made, 
and properly fired, very sonorous, sufficiently hard to elicit 
sparks by the application of steel, and will contain liquids 
without being permeated by them. When it is of good quality, 
it will resist the action of nitre, glass of lead, and other fluxes, 
which renders it of great utility in all domestic and chemical 
processes whetc great heat is used. Care must be paid to 
Che current of air while the pottery is in contact with file, 
otherwise its hardness and density, by preventing its sudden 
contraction or expansion, renders it very liable to break. 

Wedgwood’s cream-coloured pottery is allowed to retain 
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its superiority, neither hiilinir nor enumtr throng ai;c ; ^\hilc 
much of tlic poUcr> iiuule I j pei>olih ot hinuil eapiuii is very 
subjeel to b6tii tliesc (iefeets. 

Cream colour is formed, ac^'ordincj to the views of the 
inaiiiifacturcrs, of various proportions of l.lue aii<l pt)rcelaii 4 
clays, flint, and C’ornisb-stone; others add black, or brown, 
and cracking cla\s, with little Hint and stone. Keecnt exp(‘- 
rinienls prove that pottery of very good ([iialiry nui) l)e made 
by mixing from oO to 4(1 percent, of tlie native cla) wuh 
blue aiitl porcelain clays, and flint and store. 

The gla/e for cream-eolmired pottery is formed of white 
lead, Cornish-stone, ami flint. Tlie CKcess ol h'ad rencK rs 
llie glaze im^re or less yellow, which is remedied In tl;c 
i.pplitM+ioii of other materials; the flint gives coin^istj u. to 
the l( iUl during \ itritieat ion, and prevents its gre.'it linidn^, 
Mhjeh else would cause it to rim dcwvn the sides (;f tin wut', 
iv)<l le.ive certain parts witlioiil gla/e. 

'i'lie dclv‘terious cfiects arising from llie employ I'f white 
lead ill tlie fabrication of ve‘-scls nsi'd for c^'iuliimnns i.c’c 
been ])oinle(l out, as has also the importance of a suhstltule , 
but as the best mamiractiiren* use much (’orni'.h-stone ami 
flint in their glaze, ami more espeeialU her those ^e‘'se] . imPi d 
bakers, the cause of complaint docs not attach itself to tladr 
pottery. All pi'rsons, tiu'rc'lbre, who wish tlieir pic kle^ and 
preserves to be unaiTeeled ];y this pcMsonons mineial, should 
rcsohe on purcls'uing their jars from the dv'. ler^ who liavc* 
their g hkIs from the most re^peetable manuraeturers, who 
will readil} vouch for the exeellemc of tl'cir artieh*^. 

It io not sunieiently knoun, that ph of the (*arilienwarc* 
sold by hawkers, or pedlars, is ol a vi ry inferixW and dangerous 
(juuiily. 4'he components of the clav ot uhleh this euimnofi 
earthenware is macle, will not bear a fair cleg’-ee of be.-t, and 
in ad iition to the ware being biiort-fired in the I iseuit, i| e 
gla/e is too soft and short bred; hence, w hen such (‘arthenware 
has been used a ft w' tim<*s, the hot walcT re(pii')ite for (•lealK^- 
ing it vdll <‘ausc all its defects to he obvious, and ere long it 
be<*oines so cra/ed as to resemble a rotten substenee. 

This soft and soft-gla/cd pottery is c»isily seratehed by a 
kiiU'e ; oily matters standing on it will slain and render it 
dull ; and vinegar, and other vvxak acids, will attack and dis 
solve the lead. 

The proper cream colour will bear all of these uninjured, 
and fo small a quantity of lead is used, that, when properly 
glazed, pernicious effects need not be apprehended. 

It lb the opiidim of some very iniclligciit potters, that the 

2 j 
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total rejection of lead is not compatible with perfection in 
pottery. 

The blue-printed pottery is a very popular kind^ and most 
persons who have seen it placed near the preceding, must 
have remarked that it is of a finer kind, with a very different 
tint or colour. 

The best species is in considerable demand for dinner, 
dessert, tea, and supper services; while its cheapness has 
caused it to supersede almost every kind of ware. 

The difference is caused by two peculiarities; one in the 
clay, arising from the employment of a greater proportion of 
bhu; and porcelain clays and flints ; the other in the glaze, 
from certain components being mixed together, and calcined 
iiito a frit, which is often picked and sifted, then ground 
together with glass and white lead, and mixed with certain 
]i"ot)ortjons of Cornlsh-stonc and flint. 

i >iic kind of this pottery has its glaze varied to capacitate 
it for ^MKoncUing. blue printed tea-ware has recently 

obtained the name of stnai^chhm^ owing to its being, when well 
nred, very line, white and neat, and possessing some degree 
of tftUii-pareney. 

The (h'llLif pottery is a very excellent and beautiful kind, 
lituing a didieate vvljite apptarance, of fine texture, and glassy 
j in'X'lhncsf'. '^J'he iiahire of the clay and the gla/e renders it 
%erv proper for enamelling, as smalts are introduced, in ae- 
eoi'dance with the \iev/s of the maker, to effeet the tints. 

I'he clay is boiled on a pkistcr-kiln, and e()n‘<ists of certain 
proportions of poreelidn, blue andWvlsh elays, pulveri/ed, 
eilcined, or raw flints, CJornibh-slone, white enamel, tinged 
\rith smalls ; and some person 'i add eakrined bone and plaster 
c>f ibiris. This ware recpiires a ino.-.t ardent fire for the biscuit. 

"j'iie glaze is composed of a frit of glass, Cornish stone, 
flint, borax, nitre, red-lead, p(*tash, Lynn sand, soda, and 
v^yhd'i c:iK, After fritling, and being well fired, it is ground 
and mixed together with while lead, glass, flint, and Coriiish- 

fctoiie. 

fine rt it pottery is forn.cd almost equal proportions 
of yellow brick-clay and tli' red from Brad w all- wood ; an 
inferior sort is made for lu.itro-ware. 

In the Hall-field colliery, east sivle of Henley, is found a' 
marl, which, w hen properly prepared, by levigatingand drying, 
will alone form a very beiiuiiful light red, of four distinct 
shades, according to the intensity of the firing, 'i'his w’as 
dijcovered by Mr. G. Jones, in 1814, who commenced a manu- 
facture of this kind of ornainciital pottery fd Messrs. Burnett, 
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to be'fihipped to Holland ; but the sudden return of Napoleon 
from Elba so disconcerted the arrangements, that the elder 
Mr. Burnett died suddenly, and Jones did not long survive 
the disappointment he experienced* 

The introduction of ochre will change the red to a brown 
colour. 

The hamhooj or cane-coloured pottery^ is a very beautiful 
kind, employed chiefly for ornamental ai tides, and the larger 
vessels of tea-services. It is never glazed outside, though 
one kind has the outside vitrified. The insides of tea-ware 
are well washed with a liquid wliich forms, wlien fired, a thin 
coating of glass. The colour varies from that of a liglit 
bamboo to almost a buff : but the prevalent colour is nankeen. 
The best clay or body is formed of proportions of black marl, 
brown clay, Comish-stone, and shavings of cream-coloured 
pottery. 

jasper potteiy was invented by Mr. J. Wedgwood. It 
is extremely beautiful j and is fonned of blue and porcelain 
clay, Comish-stone, Cork-sUme, (sulphate of barytes,) flint, 
and a little gypsum, tinged with cobalt calx. 

The pearl pottery is a superb kind for elegant ami tasteful 
ornaments, and is so much \ allied, that the w'orkiucii arc 
usually locked up, and employed only on choice articles. Tlie 
components of the clay arc blue and porcelain clay, Comish- 
stone, a little glass, and red-lead. This forms the best body 
for apothecaries' mortars ; but it is more expeiibivc, and more 
durable, tlian the common mortar body. 

The black Ef^ptian pottery is now po very popular for 
tca-scr\ ices, that few persons are ignorant of what is meant 
by this denomination. Its components are cream-coloured slip, 
manganese, and ochre ; sometimes glazed with lead, Cornisn- 
btonc, and flint; and the inside is washed with white-lead, 
flint, and manganese. It was the custom formerly to grease 
the outside with butler or suet, to give it a bright appearance. 

The ochreous material is obtained from the water that is 
pumped out of the collieries. This w'dtcr is carried along 
channels in which are placed small weirs, to afford an oppor- 
tunity for the precipitation of the sediment. When a sufficient 
^ quantity has accumulated, the water is diverted, the weirs 
are emptied, and the thick fluid is thrown into small pools, 
called sun-pans, whence the moisture is evaporated by the 
solar heat. This substance is afterwards burned with small- 
coal, which renders it proper for use. 

The unpleasantness of the grease, requisite to give bright- 
ness to the black, having been a subject of general complaint, 

2 I 2 



484 


THE OPERATIVE MECHANIC 


Messrs. Jlilcy, of Bursleni^ were induced to attempt to remedy 
it; the result of which was, the invention of a new black 
porcelain, with a bright burnished, vitrcbceiit appearance, 
superior to any other Kind of dry- body pottery. It never 
imbibes dust, or absorbs moisture ; and it can be cleaned with 
water equally as well as the finest porcelain, and always retains 
the appearance of a beautiful black coral. 

The drab pottery is useful for articles which recjuirc strength 
to be united to ornament, as flower- pots, water-jugs, &c. 
It is formed of blue, porcelain, and Bradwall-wood clays, 
Coriiisli-stonc, and black marl, mixed wuth nickel ; one kind 
is made of turners* shavings of cream-coloured ware made 
into slip, and mixed with nickel. The inside is rendered 
white by a wash of slip, flint, and pfjrcelaiii clay. 

It lias ‘fur some time been usual for ladies of taste and 
acquirements in the fine arts, to j)nrchase porcelain in its 
glazed state, for the exorcise of tlieir talents and ingenuity 
in ornamenting tlicii own tea-services. I'his very pleasing 
aniusciuent is often ^ aided by manufacturers, who readily 
afl'ord every a^sistarn'e in their power to fiicilitale the easy 
enamelling of such services; they supply pi oper mineral 
colours, and the rv'clified oil of amlier, for the best pnrposcb, 
and the hcbt oil of turpentine for others ; and tljey aUeiid to 
the proper firing of the enamel, burnish the gold, and dress 
oft’ the whole for the table. 

The dilfercnt comliinations of materials appear to be of 
less importance in the fabrication of good pottery, tiian due 
regard to WTll-deteriiiincd proportuins. All (days have some 
liroportioiis, more or h'bs, of metallic matter, which caiibc 
great dilfereiiee in their appearance, and the cfiects produced 
on them by fire. All ela}s vary in ecdouring at'cortling 
to the ardency of tlic fir« ; hence 1 he oven-man’s great col care 
is, to pbiec th(* saggars in tlic most appropriate parts. 

'J'hc (‘hief ingredients are clay and flint ; for no poUeiy 
will be perfe('l unless made of suitable clay, with a definite 
proportion of flint. Tlie great difficulty is to unite beauty 
and gooducbs in the same cmnposition, Tf too niiieli flint be 
used, the pottery, after being fired, will crack on exposure to 
the air ; and if too little, the glaze w^ill not be retained on it« 
after firing. Every kind of clay that is dried alone will crack ; 
for if pure argillacc'oiis earth be made sufficiently soft to be 
wrought on tlie potter’s wheel, it will, while drying, shrink 
one inch in twelve, w hich will inevitably cause it to craze. 

Pure clay (alumina) is always opaque, and the flint (silica) 
always transparent ; but both are prepared previously to 
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being used. Aluniiim will unite with silic.'i in the luiinid 
W'ay, and form a paste, wdiich, when dry, will resist decom- 
position by atmospheric alVectioii. 

Experienced manufacturers know that they can easily 
compound clays which will fire very white, be beautifully 
semi-transparent for porcelain, and bear to be covered \\ ith a 
shining gla/e ; but they will prove deficient in teniicity for 
working, want proper compactness and density, break by 
sndden ap}dications of heat and cold, and the gla/e, because 
too soft, w’ill crack, become rough, and lose its lustre. Again, 
tliey compound clays which have sflitable tenacity for working, 
become very bard and dense wdllioiit fusing by being fired, 
sustain, uninjured, sudden eliangcs of exec'ss of temperature, 
and are yet deficient in the requisite whiteness, fineness of 
texture, beauty, and transparency. iSomc clays of this dcscrip- 
li(jn are inamifaetured. 

Having proceeded thus far, the reader may feel surprised 
that uv have not accompanied oiir o])‘<ervations wdth rcci])es 
for the lujimifacturo of the s<‘v’tT.il kinds of pottery, as is cus- 
lomar\ in works of this dcscrij)tion ; httt these, we can assure 
him, are, as far as we liave s(‘en, erroneous; and, indeed, the 
inaiuifaeturers are so very silent upon this head, that the 
exact pnqjorlions of the components < f bodies, gla/es, and 
colours, cannot easily he obtained, AN"e shall therefore eon- 
elude tills artieh* Iw stating, tliat the district called the 
Poll erics, is an extensive tract of country in the luindrcd 
oi Xoitli I’yrchill and county ('f Stafford, comprehending an 
area of about e-giit miles long, and si.x bn^ad ; and that the 
]nin<*ipal lowiih and hamlets contained w it bin the limits^of 
tile l^jttery me Stoke, Jlenley, Shelton, (lolden-hill, New'- 
field, Smith-field, Tunstall, Long-port, Burslem, Cobriclge, 
Etruria, Luiie-End, Lower Lime, a'ld Lfme-J-)eIft. 
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nOilOLOGY 

Iv the early ages, Jtime wan measured either by the sun- 
dial or clepsydra ; in the former, by the shadow of a wire, or 
of the upper edge of a plane, erected per})cndicularly on the 
dial, falling upon certain lines meant to indicate the hour ; in 
the latter, by the escape of water from a vessel through a 
small orifice, which vessel had certain ^inarks upon it to 
show the time the vessel w«S discharging. 

These modes are now superseded by the use of clocks,^ 
watches, and chronometers, which indicate time by the move- 
ment of machinery. 

Under this general head of Horologj^ therefore, we propose 
to treat of the structure of the bevenil kinds of machineb now 
used for the exact measurement of time ; in doing which, the 
article will of necessity be divided into three sub-heads. 
Clocks, Watches, and Chronometers ; and to them will be 
annexed two others, treating of some of the best kinds of 
pendulums and escapements* 

CI OCKS. 

Clocks arc certain machines, constructed in such a manner, 
and so regulated by the uniform a< 'on of a pendulum, as to 
measure time, in larger or smaller poriioiis, uith great exact- 
ness 

Fig 4n9 represents the prof'lo of a clock. P is a weight suspendul by a 
rop#th(it winds about the cylirdei or barrel C, which is fixed upon the axis 
aa; the pivots ft 6 go into holes made in the plates TS, 1 S, in nhuh tlicy 
turn fieely. Tliese plates arc made of bra^s oi iron; and arc connected by 
means of four pillars Z Z„aiid the whol»' to‘;ethei is called the fiamc. 

1 he* weight P, if not restiained, would m’ce'>siirily turn thi banel %\itJi 
an unifoiinly afcdoratod motion, in the same inannci .Li if the wtight wtic 
falling freely from a he»ght, but the h urel is tuinished with a raUl (t-whet I 
K K, the right sides of whose teeth strdo a:» unst the click, which is fi\od 
with a seicw to the wheel D I), as represented in fig 490, so that the action 
of the weight is c oinmuiiieutod to the wheel 1) I), the teeth ot which act 
upon the tettli of the small wheel rf, which tuin'» upon the* ]n\ots t r The 
communication or action of one wheel with anothci is called the ; 

a small wheel like d i'- called a pinion, and its teeth the leaver of the pinion. 
Several things are req iisite to form a good pitching, the advantages of which 
are obvious in all machinery where teeth and pinions are employed, llie 
teeth and pinion lea\es should be of a proper shape, and perfectly equal 
among themselves ; the size also of the pinion should be of a just proportion 
to the wheel acting upon it ; and its place must be at a certain distance 
from tlie whei i, beyond or within which it will make a bad pitching. 

The wheel K h is fixed upon the axis of the pinion d; and the motion 
e< mmunicated to the wheel DD by tlie weight is transmitted to the pinion 
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dr, consequently to Uie vlu^el i: !«, as likiuis^ to the |union £*, ami wheel 
FF, whicli moses the pimon/, i j i i the .ajs o< xJmcU iU cro>\ii or balance 
wheel C* 11 is> fixed. The pisols ot the p nion / p| ly m holes ol the piatei 
LM, which aie fixed honzontilh to the plates Ts. Jn sfioil, the motion 
bigun by the weight is transmittid t»o,n the w! til Q H to tlie pdhts 1 K, 
and by lucMns of the fork UX, iisciled on the pallets, comimmicatt'- motion 
to the pendulum A 11, vihich ii» suspended upon the hof)k A. 'I ho pf*ndulnm 
A 11 dcs< lib , nniiid the ]u iiu A, an eic of a ciitle, alternatily m>in g and 
rctninina , if, th< relore, tin pi ndulum bt oiue put in motion bj a push of 
the liaiid, the weight at 11 v 11 make it return upon itself, and it will tontn ne 
to go altttiidtely backward and foiward till the resistance of the air upon 
the jipih'ulum, and the friction at the point of suspi nsion at A, dtsimjs ilic 
origin ill> impre ^ed force. Jlut as, at c\er) vibration of the ptiidulum, the 
teeth ot the lialance-w hi el G H ait so upon the p diets I K, (the pisot*- uj on 
the . MS of th " pallets play in two liolcs of the ])otLnce s i,) that .iftij one 
tooth, H, his communu lUd motion to the pdltt K, that toolli esc ips, 
then the opposite tooth, (i, aits upon the palii I I, .uid esr jpis in tlie s.iii e 
nnunii, and thus i uli tooth of tin whtil (stapes the pilUl^ 1 is, aliir 
h»\in^ conniuiiuat.d tlaii im tu»u to llu pdhts in suih a numitr that the 
j)i nduh’m, iieU id of bt in ‘•lop^ cd, i onlinm s to move 

'll \ .1 » 1 r briMhis in .in luuii 'J'l.e pivot c of the wheil jt.issfs 
th I I. Ii int j'l it s, ai'il H contimied to r; upon tlie \ ivot is a vvl id J\ 
vs ih a I' ii so kei 'i’>Mii(d in tin c'litie; iqion the cxlmmityo^ ihi siukd, 
r, t*n >• iiiutt -h.il d IS liMil 'ihe whi'ibi Ts acts upon tlie wind O, the 
p.’ Ml, 71, of wliiih eitsu])oii tlewhicl i,*-, fi\fd 11 pen a sotkd whiih 
tins .iloiijt with the whocl 11 . Ulie Vvliicl m.ikes its revolutions in 
tv.i Jvc hon» , M| on the *5ocket of whiih the hoiu-hand is f \ed. 

Prom llxC forci]f()ing dosrriptiim it is evident, firbl, that the 
vveii>I‘t turns all the vvhcelb, and at the same time eoiiliniies 
the iiiotii’n < i the jKndulum ; becondh^, that the quicKiiebs of 
tlie inoliun of the u)iei*s is determined by th.at of the pen- 
duhun 5 anti ililrdlv , that the whctlb point out ihe partb of titiie 
dividvd h) the inul’orni motion of ihe pendulum. 

\Vhen the cord fiom which the vvtdght is suspended is 
eiuiiel\ run down from ofl' the bairel, it is wound up again h\ 
means of a key, which goes on the scjuare end of the arbor 
fib Q, hj’^ turning it 111 a contrary direction from that in which 
the w eight dcbcends. For this purpose, the inclined .side of the 
teeth of the wheel 11, fig. 4fK), removes the (dick C, so that 
the ratchet-wheel, K, turns while the wheel D is at rest; but 
as soon aa the cord is wound up, the click falls ii^ botwe^en 
ihe teeth of the wheel J), and the right side of the teeth 
again act upon the end of the click, which obliges the wheel 
I-) to turn along with the barrel, and the spring A keeps the 
click between the teeth of the ratchet-wheel R. 

Wc shall now explain how’^ time is measured by the pen- 
dulum; and how the wheel E, upon the axis of which the 
minute-hand is fixed, makes hut one p ecisc revoluliun in an 
hour. The vihratioi»s of a pondnUni are peiforiiicd in a 
snorter or longer time in j»ro{juiTion to inc length of the pen- 
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diiluin il-^i If. A pendulum of 3 feet 8^ French lines in length 
inil\(js 356(’0 \ibrations in an hour, that is, each vjor.ition is 
peilonuLd in a second ot time, and for that rea->c n it is called 
a sftoiids pendulum; but a pendulum of 9 inches 2^ Frencii 
hues nukes 7»29{) \ibrations in an iiour, or two vibrations in 
a stcoiid ot time, and is called a half-seumd pendukim. 
Hence, in constiucting a wheel whose revolution must be 
peilonmd in a gi\cn tune, the time of the vibrations of 
the pendulum, wIjkIi legulatcs its motion, must be consi- 
(h n d. Siipposing, then, that the pendulum A B makes 
7,21K) vibialuais in an hour, let us consider how the wheel E 
shall take i p an hour in m iking one revolution. This entirely 
depemN on the number ot teeth in the wheels and pinions. 
If the baldiice-w heel consists of 30 teeth, it will turn once in 
the tune that the pendulum makes 60 vibrations ; for at every 
turn of tiic wheel, the same tooth acts once on the pallet 1, 
and once on the pallet K, which occasions two separate 
vibrations in tlic pendulum ; and the wheel having 30 teeth, 
it occasions tvfice 30 or 60 iihiations Consequently, this 
wheel must pcrfoim 120 revolutions in m hour, because 60 
vibrations, which it occasions at evei} uudution, aie con- 
tained 12() tunes in 7 the number of \ibiations performed 
b) the pendulum in an hour. 

In onit r to (kUuniiie the* numbii of kithfor ibt '^^hc(ls I F, and 
the pinions < it must be rtniukcd, tint out itsolution uf *lie Asfictl E 
ni ist tuin the pinion < a miin ti hs i tb n itibii Oi kali in ih'' pu ons 
IS KUtiiiipd in tin minibd ot k«.ih in tin. \^htol Ihu , it tin wheel E 
contiins 72 ti tb, ind tl t pinioii t six, tlu junion will ni iW 12 itsolutions 
in the time lliU th< \\h (lniikc*»oif toi tub totl \ cl llii wlutl drives 
forward i tooth of il c \uim n, ml wh ii tlu vi\ U ih cl tin | inion are 
moved, a compltle ir\( uti n is |ciioim<d, bv i the win I L h\s l>} tint 
time only idvanci d six tc ih in I fi is si ill o<) to il iict I to-c its n volu- 
tion be conipltted, which will or i^u u ll moic n\<lutuu of tie jnnion 
For the **irnt n is m, the wlu 11 h im oo k e th, in 1 tlu inou /* tlic 
pillion w til m iki 10 irv > iii iin vide tlu wh I jf i m m* ^ow the 
whetl 1 be 111 ^ tiiiiit I 1 V lli p u me, nukes 12 uoluti h r oiu of the 
wheel F, iiid lh< j iiik n f in ikc-v 10 uvolulious t i im ol lh«»whctll , 
coiistqiu nlly the ]»imo i / j ih is 10 lini s 12, oi 120 ic eilulions in the 
time the wiu 11 |( ioti i om 1> it tiu wht e I (/, which i turiitd b\ the 
pillion fj occ ision, i 0 mi U ms in iht pcmluluu » ich time it turns round , 
te nstqiu nth, the w uel (i (ic isions CO times 120, rr 7,^00 vibi itiohs of 
the peiidulu , w iil the wl el pufoim one u\olution, but 7,200 is the 
numbei ot vibritioiiN milt by tht p^nuu uni in in heiur, ind consequently 
the wheel F 1 1 unis biit oi e m volutimi in in hour , ind so of the rest 

From this 1 1 a’^oning, it la easy to di'^cov er how long a clock 
ni.iy l)c in de to go ior any Iciiglh of time without winding 
lip* 1 l)\ incieaMug the mniilKr of teeth in the wheels; 

2 hv di niii'sliing the number of teeth in t^he pinions ; 3. by 
intaa‘-iri^ the length of cold that su'^pends the w'eight ; 
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4. by iiiciTasiiift the Icntrtli of the pendulum; and 6. by 
addiiifiT to the number of the wheels and pinions. But, in 
proportion as the time is augmented, if tlie weight continues 
the same, the force wdiich it couiniunkates to the last wheel, 
GIl, will be diminished. 

It only now remains for us to take notice of the number of 
teeth in the wheels which turn the hour and minute hands. 
The wheel E performs one rev.ilntion in an hour ; the wheel 
NN, wdiich is turned by the axis ol the wJieel E, must like- 
wise make only one revolution in tlic same time ; .md the 
minute-hand is fixed to the socket c'f this wheel. The wheel 
N has IK) teeth, and a^'ts upon tlie wlieol O, wdiich has like- 
wise 30 teeth, and the same dia netor ; eonsccjnenlly the 
wIkcI O takes one hour to a ie\olution. N'fwv the wheel O 
(Mines the pinion p, which has six teilh, and which acts upon 
the whec'l ol 7^ tc'eth ; eonhec|uently the pinion p makes 
12 rc\oluti(ms while the whoel^if/f makes one, and of coiir^ce 
lliC* wheel ttikt s 12 houis to one revolution; and upon 
the sf»elvet of this wJuel the licnir-Iiaiid is fixed, All tlial has 
hcc’n here stated c<)ie*('imng revolutions is equally applicable 
to Wiitclies as to clocks. 

Clo k-uoik, piopcil) so called, is tlHit part of the nio\c- 
luent which s^nkc's the horns, ILc, on a bell ; in contradis- 
tineti Ml to thcit p.iit ol the movement of a clock or watch 
wh'ch is vl(-j rued to nieasure and exliibit the time on a dial- 
plate*, 4 lid wl ich is i<*nned waft h-wof A, 

1 jf. -I >1 ? )ips(nt, (hnk pi’t H is tJu h’ t or i;k it vilifpJ, moved 
h\ iin 11 of ilu 1 ^il Ol sj ui It tlic biiiclCx In 10 oi i4 hour clocks, 
tn VC n c I Ins ii'-u 'll> p ns, end is i ilhcl llip pin v htcl ^ ancl in c »j»!u-ciay 
] iic '.j t’a sc ( ( ml vlu < I, J, IS < « iiiiiionl> I’a pin ulii c 1, or sinkui^-vclitc 1, 
an I j'. iiocmI lie loiinci ’'»c\t tb» strikiiiw, ulud is the rlc U nUvvlii.f 1, 

( 1 I i » ] u c 1, 1 , 1 oil) a 111 op ilincM lonncl it, vein n in is i vac nicy at 
uli (Ii ii I lUxi^ 1 uks Ilu next .s the thiicl or ioiiith whec'l, accoiding to 
it*' (I-'tiiHC lunii llic Inst, < illc cl the J- The list is the 

ll\n ^ pmn n, tj, with a fl> oi 1 in, to fitlici an, and *'0 biidlc tlip npidily 
ol 1 Ii c ’oi k s iiji tion 1 » I’ c sf nil st bt idcb d thr pinion of n j oit, vchick 
dn\(s re iiiul tin lockiin v\i tel, < ilbcl aUo the r tunf uftecl, vlncli has, in 
gptu id, ctpvcii loidips, pKv-ccl at unequal distaiicLs, to niikc the clock 
&tiikc thp hours. 

Be sides thr wheel , to ibf clock part belonps the rash or ralrli, whicli is a 
kind of wlcd with tw the f cm s, luiinuig concentric il to the dial-wheel, 

and strvniT in bit up tlie dcMct ts c\cr> hour, and make tin clock strike; 
tilt drtfnts, Ol sto] <!, wliuh being lifted up and let fill, lock .uid unlock the 
clock 111 stMkinjr. tht Inminpr, asS, wbicn stiikrs tht bdl R, the haininer- 
t.iils, as T, by whidi the strikim»-pins di iw back the hammers, latches, 
whrul \ the uoik is lifted up and unlocked , and lifting-pipces, as P, which 
lift li]) aiul unlock ti c d(*c ms 

W 0 shall now piocccd to give a description of an ingenioui 
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clock, contrived by the late Dr. Franklin, of Philadelphia, 
that showed the hours, minutes, and seconds, with only three 
wheels and two pinions in the whole movement. 

The dial-plate of tliis clock is represented by fig. 492. Tlje hours 
are engraved in spiral jdacos, along two diameters of a circle, containing 
four times 00 minutes. The inefex A goes round in four houi*s,^ and counts 
the minutes from any hour it has passed by to the next following hours. 
The time as appears in the figure is either 32 J minutes past 12, or past 4, 
or past 8; and so on in each quarter of the circle, pointing to the number of 
minutes after the hours the index last left in its motion. Now, as one 
can hardly be four hours mistaken in estimating the time, he can always 
tell the true limir and minute by looking at the clock, from the time lie 
rises till the time he goes to bed^ Tire small hand B, in the arch at lop, goes 
round once in a minute, and shows the seconds as in a common clock. 

Fjg. 493 shows the whcel-w'ork of the clock. A is the first or great 
wheel; it contains 160 teeth, goes round in four hours, and the index A 
(fig. 492) is put upon its axis, and moved round in the same time. Tlie 
hole in the index is round ; it is put light upon the round imd of the axis, 
eo as to be carried by the motion of the wheel, but may be set at any time 
to the proper hour and minute, without aflccting either the wheel or its a\is. 
Tliis wheel of IGO teeth turns a pinion, B, of t(‘ii leaves ; and as 10 i'* hi.l 
a sixteenth part of 160, the pinion poos round in a quaiiiT of an (mur. On 
the axis of this pinion is the wheel C of 120 kctli ; it also goes round in a 
quarter of an hour, and turns a pinion I), of ( hsives, rouinl in a 
minute; for there aie minutes in a quarter of an hour, and 8 times 
15 is 120. On the axis of this pinion is the sreond-hand B, (fi^. 492, and 
also the common wh^'cl E, fig. 493, of .30 teeth, for moving a pendulum (by 
pallets) that vibrates seconds, as in a common clock. 

This clock is not designed to be wound up by a winch, 
but to be drawn up like a clock that goes only thirty hours. 
For this purpose, the line must go over a pulley on the axis 
of the great wheel, as in a common thirty-hour clot'k. 

One inconvenience attending this clock is, that if a person 
wake in the night, and look at the clock, he may possibly be 
mistaken in the four hours, in reckoning the time by it, as 
the hand cannot be upon any hour, or pass by any hour, 
without being upon, or passing 'by, four hours at the same 
time. In order, therefore, to avoid this inconvenience, the 
ingenious Mr. Ferguson contrived tlie following method. 

In fig. 494, the dial-plate of such a clock is represented ; in which there 
is an opening, abed, below the centre. Through this opening, part of a flat 
plate appear.*;, on which the 12 hours are engraved, and divided into 
quarters. This plate is contiguous to the back of the dial-plate, and turns 
round in 12 hours ; so that the true hour or part thereof, appears in the 
middle of the opening, at the point of an index. A, which is engraM^l on 
the face of the dial-plate. B is the minute-hand, as in a common clock, 
going round through all the 60 minutes on the dial in an hour ; and in that 
time, the plate seen through the opening abed shifts one hour under the 
fixt, engraven index A. By these means the hour and minute may bo 
always known at whatever time the dial-plate is viewed. In this plate is 
another opening, efgh^ through which the seconds are seen on a tlut 
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movabie ring, almost contiguous to the back of the dial-plate, and as the 
ring turns round, the seconds upon it arc shown »by the top point of a 
fleur-de-lis C, engraved on the face of the dial-plate. 

Fig. 495 represents the wheels and pinions in this clock. A is the first 
or great wheel; it contains 120 teeth, and turns round in 12 hours. On 
its axis is the plate on which the 12 hours above-mentioned are engraved. 
This ])late is not fixed on the axis, but is only put tight upon a round part 
tliereof, so that any hour, or part of an hour, may be set to the top of the 
fixed index A, fig. 404, without afiecting the motion of the wheel. For this 
purpose, twelve small holes are drilled through the plate, one at each hour, 
among the quarter divisions : and by putting a pin into any hole in view, 
the plate may be set, without afiecting any part of the wheel-work. Tliis 
great wheel A, of 1 20 teeth, turns a pinion B, of ten leaves, round in an 
hour ; and the minute-hand B, fig. 494, is oti the axis of this pinion, the 
end v'f the axis not being square but round, that tho minute-hand may be 
turned occasionally upon it without affecting any part of the movement. 
On the axis of the pinion B is a wheel C of 120 teeth, turning round in 
an liour, and turning a pinion D, of six leaves, in three minutes ; for three 
minutes is a twentieth part of an hour, and 6 is a twentieth part of 120. 
On flic axis of this pinion is a wheel K of 90 teeth, going round in three 
minutes, and keeping a pendulum in motion that vibrates seconds, by 
pallets, as in a common clock, where the pendulum-wheel has only 30 teeth, 
and goes round in a minute. But as this wheel goes round only in three 
minute^, if it be wanted to sliov/ the seconds, a thin plate must be divided 
into 3 times CO, or 180 equal parts, and numbered 10, 20, 30, 40, 50, 60 ; 
10, 20, 30, 40, 50, CO; 10,20, 30, 40, 60, CO; and fixed upon the same 
axis with the wheel of 90 teeth, so near the back of the dial-plate, as 
only to turn round without touching it: and these divisions will show the 
seconds through the opening efghm the dial^Iate, as they slide gradually 
round below the point of the fixed fleur-de-lis C. 

As the great wheel A, and pulley on its axis, over which 
the cord goes, (as in a common thirty-hour clock,) turns round 
only once in twenty-four hours, this clock will go a week with 
a cord of common length, and always have the true hour, or 
part of that hour, in sight at the upper end of the fixed index 
A on the dial-plate. 

There are two advantages which Mr. Ferguson's clock lias 
beyond Dr. Franklin’s : but it has two disadvantages of which 
his clock is free. For in this, although the twelve-hour wheel 
turns the minute index B, yet if that index be turned by hand 
to set it to the proper minute for any time, it will not move 
the twelve-hour plate to set the corresponding part of the 
hour even with the top of the index A ; ,and therefore, after 
having set the minute index B right by hand, the hour-plate 
must be set right by means of a pin put into the small hole 
in the plate just below the hour. It is true there is no great 
disadvantage in this ; but the pendulum-wheel having ninety 
teeth instead of the common number thirty, may probably 
make some difference to the scapement, on account of the 
smallness of the teeth ; and it is certain that it will cause the 
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pendulum-ball to describe but small arcs in its vibrations. 
8ome men of science think small arcs are best ; but where- 
fore wc know not. For whether the ball describes a large or 
a small arc, if the arc be nearly cycloidal, the vibrations will 
be performed in equal time.^ ; the time therefore will depend 
entirely on the length of the pendulum-rod, not on the length 
of the arc the ball describes. The larger the arc is, tJie 
greater the inomentuin of the ball; and the greater the 
iiionicntum is, the less will the time of the vibrations be 
affected by any unequal impulse of the pendulum- wheel upon 
the pallets. 

The greatest objection to Mr. Ferguson’s dock is, that 
the w'cight of the flat ring on which the seconds are engraved, 
will load the pivots of the axis of the pendulum-wheel w ith a 
great deal of friction, which ought by all possible means to 
be avoided ; and yet one of these clocks, recently made, goes 
very well, notwithstanding the weight of this ring. This 
objection, hovvever, can easily be remedied by leaving it out; 
for seconds are of very little use in common clocks not made 
for astronomical observations; and table clocks never have 
them. 

Having thus described this clock, we shall next proceed to 
give a description of a clock, by the same ingenious medianic, 
for showing the apparent daily motions of the sun and moon, 
the age and phases of the moon, with the time of her coming 
to the meridian, and tlie times of high and low water, by 
having only two wheels and a pinion added to the common 
movement. 

3Ir, Ferj:'t(Son’s clock for exhibiting the apparent daifi/ 

motions of t/i^ sun and moon, and state of the tides, 

The (lial-plcite of thi^ clock is icpresented by fijj. 496. It contains all 
tlic lwtnt)-four hours of the day and night. S is the sun, which ber\es ns 
an hour index, i^oing louiid the dial-platc in twenty-four hours; and iNI 
IS the moon, wliuh goes lourid in tweiity-ibiit hours fifty minutes and a 
half, fioin any ])Oiiit in the hour circle to the same point again, which is 
equal to the time of the moon's going round in the heavens, from the 
meridian of any place to the same meridian again. The sun is fixed to 
a ciiculai plate, as hg. 497, and carried round by the motion of the plate, 
on wlmh the twtiity-fcur hours are engraven, and within them is a rircle 
divided into twenty-nine and a half equal parts for the dajs of the mooir.s 
age, accounted from the tune of any new moon to the next after ; and 
each day .stands diiectly under the time (m the twenty-four hour circle) 
of the moon’s coming to the meridian, the twelve under the sun stahding 
for mid-day, and the opposite twelve for inid-iiight. Thus, when the moon 
is eight days old, site comes to the meridian at half an hour past six in tiie 
afleiiioon ; and when she is sixteen days old, she comes to the raeiidian at 
one o'clock in the moining. The moon IVf, fig. 496, is fixed to another 
circular plate, of the same diamctei with that w hich cariies thedun;aiid 
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tins moon-plate turns lound in twenty-four hours hfiy mimites and a half 
It IS cut open, so as to siiow some ol the horns and dajs ot the mooi/s 
age, on the phte below it that cunts tht sun, and atroN> this optnin^ /t 
a and b arc two ^holt pieces of smal wire in die inoon-plati liie wiu a 
shows the day ot the muon’s age, and time ot her coiiiiii^ to dt intinli m, 
on the plate btiow it that carries the sun , «ind the wire b shows the tunc ot 
high water for that day, on the saint jilatt These wiies must be pi iced as 
far tiOiD one another, as the time ol the moon s coming to the nitiuiiui 
diliers from the tune of high water it the place where the clock is aitciided 
to serve At LomJo i-bndgc it is high water when the moon is two houis 
and a h ilf past the meiidi ui 

Above this plite that ( iiiics iht moon, thcie is i fixed pi iteN,snppoi led 
by a wilt A, iht up]Kr end of which is hxtd to that platt, and the lown 
end is hint to i iiglit iikI fixed into the dial-plate at tJie loweiiin st 

or iimlniphl twcht Ihis pi ite may lepiesent the eaith, and the dt t al J , 
J omloti, Ol my otturpluc it whici the clock is designed to siiow tlie 
times of high inJ low \\at< i 

Aioui d this 1 lUt IS an elliptic il s'lade upon the plite tint caines die 
moon ’\i thf hielH^t point et this sh ide au rn irked V^ itn ud the 
lowest j oinis 1 ow VV lit \ tins j I itc tuiiis loi nd btlow the hxid | i itt 
the hi^ii inu low w lU i |onis coiiii siu(c snely evni with I, uid st i ul 
just on 1 it It tl I tiiiHs wii n it is hi^h < i low w itci it the ^11111 pi 1 « , 
whieli tiiii* s lu I oinUd 01 t b) the sun '‘j niontj tin Iwtnl) our horns ( n 
Iht (lnlplit( nd, n llu u( i of tins pint, il)o\( twilvt il neiun, is i 
plUill tlntiis* and fills is llic li I d< i s it the ,,iven phot llius, wlun 
It IS huh w itcr, (supi <js at 1 ond< ,) oik of tl t in licst \ oints of tm 
ellipticil s 1 k 1 ( si mds tl t Ol i J, and the tide plite If is it its ^it itest 
height ind wl en it 1 I w w iti i it Loi tlon, < nt of the lowest jminis of the 
elii] tu i 1 Miub t in t oiii 1 , n d (ii tide pi lei li is rpiite down, so as to 
di ipi ( ir licvond llu ui il putt A, llu in S .,01s louml llu diil plite 
in ^4 houi , Hid tiu n <011 \J g<is rciiid it 111 houis '‘OJ- n unite , ll 
moon ^o(s so ninth s<»e\(i in the sun is onl> to nnkt zhj itvolutuns 
in the til it tin sun iiikis ^ and den fen th» in loi » C t met noin 
the sin IS (oiitimnliy din^nu, so tli it \* wl ittvfi I iit the sin ml 
m >011 ai tOw, lliei, Ol in ooiijUTitlion, in 2 d )s iilerw 'tluy wnl bt 
111(0 ]uiKl on i LIU ( ou'»e«pi( ntly th( ]d lU l 1 c iiiies tl in tn ino\( 
so much slower thin llu ]dil( th ite urns ili in is d\ I'vstoluikt ♦!!( wi t 
a shift o\t I OIK ll ly td tht moon s itt on tl ♦ si n's y I ilt in 2 1 hou s 

In the j>lit* dill <1111* du moon, theie IS iKiiillioh j«, tli u^h winch 
the y)li is( 01 ijuK u nut of the moon is ser ion I ic sun s y 1 it , loi *\tiy 
day ot the moons i^( fioin ehinie to *bin t Wlun tht aun nid mot 11 
are in conjimction, the whole spue seen dnoiigh the hole ni is bliek 
when the moon is oyiyiosite to ilie sun (01 full) ill ili it sp'*ee is whil* , wlun 
she IS in either of h< i ryuut< is, tht smif syiice is iidf black iiid ha f whiti^, 
and different m ill othei yio itions, so as the white put m ly r scinble the 
visible or enlightened put ol the moon for eveiy day of lu r if,e 

To show these vaiious ijiy e ii nices of the melon, there is a bliek shaded 
space, fig 4 <) 7 , IS IS / J /, on the plite taat eiiiiestlw* sun WJ cii the sun 
and moon are in coii)unaion, the whole spice seen through tne lOund hole 
IS black, as at N , when th* moon is full, oyipositc to the sun, all the syiacc 
seen thiough the round hole is white, as at T, when the moon is 111 he* 
lust cjunlei, is y, 01 in her last qumer, as at /, the hole is only half 
shaded, ind moie <»i less accoidingly for each position of tne moon, with 
legaid to h( r age , as is abundiiitly plain by the hguie 
Tat whcel-woik and tiae-work of this clock are represented by hg 498 , 
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in which A and B are two wheeb of equal diameters. A has 57 teetht 
its axis is hollow, it comes throuj^h the dial of the clock, and carries the 
sun-plate with the sun, S, in fig 496. B has 59 teeth, its axis is a solid 
spindle, turning within the hollow axis of A, and carrying the moon-plate 
with the moon, M, in fig. 496. A pinion C, of 19 leaves, takes into the 
teeth of both the wheels, and turns them round. Tins pinion is turned 
round, by the common clock-work, in eight hours, and as 6 is a third 
part of 24, so 19 is a third part of 57: and therefore the wheel A of 57 teeUi, 
that carries the sun, will go round in 24 hours exactly. But as the same 
pinion C (that turns the wheel A of 57 teeth) turns also the wheel B of 59 
teeth, this last w^'el will not turn round in less than 24 hours 50§ minutei 
of time ; for as 57 teeth are to 24 hours, so are 59 teeth to 24 hours 50§ 
minutes, very nearly. 

On the back of the moon-wheel of 59 teeth is fixed an elliptical ring D, 
which, as it turns round, recoils and lets down a lever R F, whose centre oi' 
motion is on a pin at F ; and this, by means of an upright bar G, raises and 
lets down the tide-plate H, twice in the time of the moon’s revolving from 
the meridian to the meridian ag.un. The upper edge of this plate is shown 
at II, m fig. 496, and it moves between four rollers, R R R R, in fig. 493. 

Mr. Ferguson states that he made one of these clocks to go 
by the movement of an old watch in the following manner: 
to the end of the axis of the first or great wheel of a 
watch, which goes round in four hours, he put a wheel of 
20 teeth to turn a wheel of 40 teeth on the axis of the 
pinion C ; by which means, that pinion turned round in eight 
hours, the wheel A in 24 hours, and the wheel B in 24 hours 
60^ minutes. 

The writerof the different branches of Horology in Dr. Rees’s 
CyclopcEclia states, that there is an inaccuracy in the umnbers 
of the wheel-work adopted i j the dial-work o this clock, 
which would render it too imperfect to be used for a consider- 
able length of time without a new rectification, even proiidod 
the motions of the sun and moon, or, more properly speaking, 
of the earth and moon, were quite equable, as the construc- 
tion supposes, which inaccuracy, he states, may thus be 
explained/ 

“ A'* the pinion of 19 drives both the wheels of 57 and 59, when the former 
has pei formed a revolution in a solar day, the latter falls two teeth shoit of 
a revolution, which it completes not until two teeth of the second revolution 
of the wheel 57 have been again impelled, so that in every 24 hours the 
little moon loses A of its revolution, which is a pait of a relative retrograde 
motion, as it regards auy point for instance, tbe upper hour xii, in the solar- 
plate, so that as often as 2 are contained in 5Q, so many day-spaces 
must there be on the solar-plate, figuied in a retrograde direction, as tlm 
figures regard the principal plate ; but the value of liV is 29i exactly, which 
number of days measures the lunation according to these wheels exactly : 
there is, therefore, a monthly error of 44"^ 3* almost, which wUl amount to 
nearly an entire day in the short space of about 32 lunations. 

** But there is, moreover, a practical objection to the two wheels, 57 and 
59, being both driven by the same pinion of 19, which is, that being of the 
June diameter, the distance between their teeth is not the same in both, one 
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being and the other .^{th of a semicircle, supposing their teeth and 
spaces to be respectively equal to one another, but if both wheels are cut in 
the cuttinff-engine by thevsame cutter, the inequality will fSedl in the teeth 
entirely* ; In either cases, the action of one of the teeth must be bad if the 
other is properly proportioned, and periodic jerks will be the consequence, 
which, in wheel-work going by a clock or watch movement, ouglitlobe 
avoided. Whether or not Mr. Ferguson had the dial of the clock at 
Hampton Court in his eye when he contrived the simple mechanism of this 
clock, we will not undertake to affirm; but we think u extremely probable 
that he had, particularly as he has copied the position of the anhular train 
in another of his clocl^s. Being in the habit or calculating numbers proper 
for representing given periods of time in clocks, watches, orreries, &c. we 
have turned our ihougnts towards the improvement of ^is clock, as well 
as of other pieces of mechanism, so ffir as relates to accuracy ; and beg 
leave to lay before t^e reader the alteration that has occurred to us, for 
rendering the clock before us more perfeetthan it is in the state above described. 

When describing the Hampton Court clock, we endeavoured to prove 
that when the moon’s age is indicated by the dilferende of the velocities of 
the two hands, moving in the same direction, and representing the sun 
and moon, the latter ought to pass the xii o’clock point, on each day 50"* 
473 nearly later than on the preceding day ; but by Mr. Ferguson’s calcu- 
lations we see the daily retrogradation is 50"* 526, and tlie difference 
.053 amounts to an entire day’s motion in a little more than 952 days ; or 
somewhat upwards of 32 lunations, as we have stated. What therefore 
we want, in this case, is a couple of divisible numbers that shall be* to 
each other very nearly in tlie ratio of 24** to 24** 50"* 473, which numbers, by 
a peculiar arithmetical process become familiar to us % practice, we have 
determine^d to be 2368 : 2,451 . These are the nearest possible numbers 
that can be got without ascending higher in the scale of continual ratios, ana 
are luckily capable of reduction into composite numbers thus : 2368 taken 
as a product is equal to 74 x 32 and 2451 = 57 x 43 ; therefore the train 
X will bethc wlicel-work required ; the solar wheel of 74 teeth being 
made to revolve with a tube us an arbor in 24 hours, by the clock move- 
ment, must impel the wheel of 43 placed on a stud, or otherwise on the 
fiuiit plate of the frame, at one side of it, and this wheel of 43 must have 
the nc\l driver, 32, pinned to it, to impel the last wheel, 57, or lunar 
wheel, placed on a solid arbor, concentrically behind the solar ’ wheel, 
accoirling to Mr. Ferguson’s position, and the dials and other designs of 
the clock face may remain piecisely as described; so that instead of the 
pinion of 19 impelling two unequal wheels at once, we shall have a pair of 
sm* 4 ll wheels pinned together, one impelled by, and the other impelling its 
fellow, where the motion must be taken from an arbor of twelve hours, 
carrying a wheel of 37 to actuate the 74 in twenty-four hours, instead of 
from one of eight hours, as Mr. Ferguson proposed ; which mode is equally 
practicable. 

“.5a proof of the accuracy of our calculation, we have by direct propor- 
tion as 2368 : 2451 : ; 24**: 24^ 50"* 47297^9, 8cc : hence the deviation from 
the data is here only 0000271 of a minute in each lunar day, which will 
not amount loan error of an entire day in less than 1,862,472 such days, 
and therefore, may be assumed as no bad substitute of the truth itself; see- 
ing the clock will never be expected to go so long without clearing or stop- 
page from some external cause. 

“ Should it occur to the reader that 32 lunations constitute a period long 
enough for the clock of Mr. Fergusor to go, before a new rectincation, we 
beg leave to suggest to him, that in ti e space of a lunar day there are two 
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tides and two ebbs, consequently an error of three-quarters of an hour in each 
lunation will place the tide-plate H, three hours wrong in the space of atout 
four months, and in nearly eight months an high water will be changed into 
low water, and the reverse in the next eight months, which is certainly an 
indi^eiisable error. 

** That the clock-maker may not bo at a loss how to apply the remedy we 
have proposed for the inaccuracy of Mr. Ferguson’s solar and lunar wheels, 
we shall conclude our description of the clock before us with an account of 
the exact dimensions of the parts proposed to be substituted. If we take 
the wheel 'of communication of 37 teeth at 12 per inch, measured at the 
pitch line, its geometrical diameter will be 98 or of an inch, and its 
practical diameter, with the addendum for the ends of the teeth, 1*04 ; the 
wheel of 74 being double will have its geometrical diameter equal to 1*96, 
and its practical one 2*02 ; the fellow of this last or solar-wheel has its 
geometrical diameter by the same proportion, 1.14, and its practical one 
1.20 ; the distance of the stud from the centre of motion of the solar and 
lunar wheels, must necessarily be the sum of the geometrical radii of these 
two last wheels, namely, 1 *96 + 1 .14 -j- 2^ which is =1*55 ; again the sum 
of the geomttrical radii of the remaining two wheels, 32 and 57, must be 
also equal to T55, in order that the centres of motion of the solar and lunar 
wheels may exactly coincide ; but a wheel of a geometrical diameter equal to 
1*0.5 >^2^ or 3.10 inches and of 32 + 57^ or 89 teeth, will have only about 
nine teeth per inch, and the practical diameters of wheels 32 and 57, by the 
same, Mill be n'spectively 1*21 and 2*1. The calliper suitable for these 
prupouions and dimensions is given, of their full size and dimensions, in 

40'^*, Mlt.ch needs no faither explanation, except that the wheels 43 and 
32 aieso neail} of a size that one ciicle lepresents both, as pinned. together, 
and levohiTiij with a contemporaty motion round a stud or screw in their 
C( Hire, going into the fiont jdate of the clock-fiame. The small wheel of 32 
act'- dei per into tlie teeth of its fellow than the 43, by reason of having larger 
ic *tli t’jui the othei, though the wlieel is of the same size.” 

Ill the year 1803, the Society for the Encouragement of x\rts, 
&c. presented to Mr. John Prior, of Nessficld, Yorkshire, a 
reward ol thirly guineas on account of his contrivance for the 
slrikii^ part of an eight-day clock. As this invention is 
likely to he useful we shall describe it here. It consists of a 
wheel and fly, with six turns of a spiral line, cut upon the 
wheel for the purpose of counting the hours. The pins below 
this spiral elevate the hammer, and those above are for the 
use of the detent. This single wheel serves the purpose of 
count- whcql, pin- wheel, detent- wheel, and the fly-wheel, and 
has six revolutions in striking the twelve hours. If we suppose 
a train of wheels and pinions used in other striking parts fo be 
made without erron and that the wheels and pinions would 
turn each other without shake or play, then, allowing the above 
supposition to be true, (though every mechanic knows it is not,) 
Mr. Prior's striking part would be found six times superior to 
others, in striking the hours 1, 2, 5,7> 10, 11 ; twelve times 
superior in striking 4, 6, and eighteen times in striking 3 
9, and 12. In striking 2, the inventor purposely made an 
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to the <arto#ee teeth of the erhefel}' 
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gni^kiti wvmhxgtA ail, but the simQ piece to raiae a weight 
acuafdirfa^kehnw to toe model Mr, P. sent for toe inflection 
oi that mpeetable eoeiely. 

* ShentfltotoiMet of tkw cfock. k rmieseoted m Ig. ^99. 

A, ttotegt wiiaei, on tbo ftotof which an sunk or cut tb«r*ix tons of a 
spinl, *• ^ 

Bk the totoe wane «crew, which acts oft th« above wheel, and movea 
lliefly Ce * j 

wotk of the wheel A. Ihe hlddc spots show the grooves 
M<M9rhieh the detent# on stctlung the hour. 

( JSb 4ke groove into which the looking piece F drops when it strikes 1, 
and frooa.wluch place it proceeds to the outward parts of the spiral m the 
pi%gressive liours^ being thrown out by if lifting piece H at each hour ; the 
upper detent G bein| pumped off with the locking piece F, from the pins on 
wheel Ac 

^lAiEtriking the hour of 12, the locking piece, having arrived at the outer 
spiral at H,.fises u; n inclined plane, and diops by its own weight into 
the iduer cuole, in wL«ch the hour 1 is to be struck, and proceeds on m 
progressive motion through tne difiereut hours till it comes again to 12v 
X, the hammer-work made m ti^e common way, which is worked by thirteen 
pins on the ihce of the spiral. 

Fig 500, ]|^, the thirteen pins on the face of the spiral, whiUi work the 
hammoi^work. 

* li, the outer pins which lock tne detent. , 

M, the pump spring to the deient. 

lu the fourth ce..cury, an artist named James Dpn<H con*- 
htnwted a clock for the city of Patdtia, which was lonff con- 
sidered as tlie wonder of the period. Besides indicadng the 
bours^ it •'^presented the mo^lous of the sun, moon, and 
as well as pointed out the different festivals of 
the year. On this account Pondi obtained the surname of 
{oroti^Oy which became that of his posterity. A short time 
r, , Wjlltam 2elander constructed for the same city a 
jk ttili more complex | which ^as repaired in the sixteenth 
tury |by Janellin Turrianue, the mecnaoltot of Charles V. 
Jitt thp clodks of the cathedrals of Strdsnurffh and of Lyons 
xngfie cetebr^tedf Thatbf Strasbur|^ was the 
Si Codred X>ayqpQ^8> a mathematician of that cHy, who 
ftnished it about 1578. The face of tihe hasemeut tt tlds 
(riock exhibits &ree dirf^jrtates^ dheof'wlildf it luuod^ and 
consiflb of seyiM^coiiektric ehclds $ the tiiro intertor &im Of 

2 K 
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which perform their revolutiona in n year, and senre to mark 
the days of the year, the festivals^ and otfaereircfunstonees of 
the calendar. The two lateral dial-plai|iej|t ore sgudre, and 
serve to indicate the eclipses both of the the 9 io<^. 

Above the middle dial-plate, and fas i9ie iittfas spdise in Uie 
basement, the days of the week are represented by cfifferent 
divinities, supposed to preside oter the planets from wideh 
their common appeHatioiis are derived. The. divinity df the 
current day appears in a car rolling over the doud», and at 
midnight retires to give place to the succeeding one* Before 
the basement is seen a globe borne on the wines of a pelican, 
around which the sun and moon revolved ; and which m that 
manner represented the motion of these plahets^ biit this 
part of the machine, as well as several others, hae been de- 
ranged for a long time. The oniainental turret, above this 
basement, exhibits ctncfly a lai^e dial in the form 6f an astro- 
labe ; which shows the annual motion of the %un and tnomi 
through the ecliptic, the hours of the day, &C. The phases 
of the moon are seen also marked out on a parttcufor dial- 
plate above. This work is remarkable also for a conisiderable 
assemblage of bells and figures, which perform different mo- 
tions. Above the dial-plate last mentioned, for example, the 
four ages of man are represented by symbolical figures ; one 
passes every quarter of an hour, and marks the quarter by 
striking on small bells ; these figures are followed by Death, 
who is expelled by Jesus Christ risen from the grave : who, 
however, permits it to sound the hour, in order to warn man 
that time is on the wing. Two small angels perform move-^ 
ments also ; one striking a bell with a sceptre, whilst the 
other turns an hour-glass at the expiration of an hour. In 
the last place, this work is decorated with various animals, 
which emitted sounds similar to their natural voices ; but 
none of them remain, except the cock, which crows imme- 
diately before the hour strikes, first stretching out its necl( 
and clapping its wings. Indeed it is to be regretted that a 
great part of this curious machine is now entirely deranged. 

The clock of the cathedral of l^yons is ef less size than that 
of Str^sburgh, bat is not inferior to it in the variety of ‘frs 
niovei^eiits ; it hpi the arlvantage also of being in a good Con- 
dition. It is the Work of Lippius de Basle, and was exceed- 
injly well repdired in the last centoty by an ingenious ciock- 
mlufor of Lyons, named Nourisson. like that of Straslmrgji, 
it exhibits, on different dial-plates, the annual and ^un^ 
PJtogresft of the sun ancFhioon, the days of the year, tfa^r 
fen^h, and the whole calendar, dvil as well as ecclesia8t(c. 
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llbte days of tb^ wpek ara indicated by 8}Tnbols more analo** 
gous tp the j^bice^where the clock is erected ; the hours are 
announced by iht ciamng of a cock^ three times repeated^ afi^ 
it has clapped m and made various other movement. 

)Yheii the cock has done crowing, angels appear, who by 
stf^ing Various bells, perform the air of a hymn ; the annun- 
ciation of the virgin is represented also by moving figures, and 
by the c^cent of a dove from the clouds ; and after this 
mechanical exliibition the hour strikes. On one of the sides of 
the clock is seen an oval dial-plate, where the hours and 
minutes are indicated by means of an index, which lengthens 
or contracts itself, according to the length of the semidiameter 
of the ellipsis over which it moves. • 

A very curious clock, the work of Martinet, a celebrated 
clock-maker of the seventeenth century, was formerly fb 
be seen in tlie rojral apartments at Versailles. Before it 
struck the hour, two cocks on the corner of a small edifice 
crowed alternately, clapping their wings; soon after, two 
lateral doors of the edifice opened, at which appeared two 
figures bearing cymbals, beat Upon by a kind of guards with 
clubs. When these figures had retired, the centre door was 
thrown open, and a pedestal, supporting an equestrian statue 
of JLtfOuis XIV., issued from it, while a group of clouds separat- 
mg, gave a passage to a figure of Fame, which came and 
hovered over the statue. An air ivas then performed by bells ; 
after which the two figures reentered, the two guards raised 
up their clubs, which they had lowered as if out of respect to 
the presence of the king, and the hour was then struck. 

While, however, we have thought it right to describe these 
ingenious peirformances of foreign artists, we must not neglect 
to mention the equally ingenious workmanship of some of our 
own countrymen. VVe now refer to two clocks made by 
English artists, as a present from the East India Company to 
the Emperor of China. These two clocks are in the form of 
chariots, in each of which ulady is placed in a fyie attitude, 
leaning her right hand upon a part of the chariot, under which 
appears a clock of curious workmanship, little larger thcau a 
shilling, which strikes and repeats, and goes for eight days. 
Upon the lady’s finger sits a bird, finely modelled and set 
with diamonds and ri^ies, with its wings expanded in a flyix^ 
posture, and whlth actually flutters for a considerable time by 
touching a diamond button below it ; the body of the bird^ m 
which are contained the wheels that animate it as it were, is 
Jesb tlian the 16tb part of an inch. The lady holds |in hpr 
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Jiand d golden tub^, little tbieker than a large pin, op 
, t^ top of whiidi is a sipall pound hosp^ ^ 

i^;EogiIar prhf^nt not larger tfaap a with dia- 

niopda, wlj^gioaa round in or near 

P^the lady's head ^P|raMf^breIla, 
at|pp<^d by a spiajt fluted pniar tKe fflSe w 
undar the larger of which a bell is flKed« at 
able distance from the clock, with which ^ seei^iw^m^ 
'no connection, but from which a communication l^a^retly 
conveyed to a hammer that regularly st^k^ tha S^i and 
repeats the same at ple'^sure, by touching a jfltanMma button 
fixed to the clock below. At the feet of the lady Is a |polden 
dog. 

^ In a work like the present, however we may wish to pursue 
^is interesting subject through its piogrestiye steps of im- 
provement, and to do justice to the numerous srlcntific and 
itigemoub men who have from time to time ejected those 
improvements, we fure compelled tocopfine ourselves within 
ceitain limits, which entering more 

into detail in this article | «re therefore refer such oi Our 
readers, who wish to pursue the subject^ to the catalogue of 
writings in Dr. Young's Natural Philosophy. 

We shall next proceed to give a description of the mecha- 
nism of an ordinary watch, and to annex thereto a useful set 
of tables, published origiusdly by Mr. W. Stirt. 


WArchjss. 

Figure 501 represents the interior works of an ordinary watch with the 
Otown^wheel escapement, ^as they remain on the pillar-plate when the uppei 
part of the frame, shown oy fig 505, is unpinned and removed , and fig 509, 
which IS p section of the whole frame and its contents, shows the odfifiebtion 
of all the parts, as though the calliper were in one right line. These two 
figures, by having the same letteis of reference, mutually explain each other 
Ihe mainspring which actuates all the wheels and pinions, that afe celled, 
in one general term, the movement, is contained in the circular box a, seen 
in the diftcunt views the separate figs 501, 502, and 508, in the la«t of 
which Its Darts are given in a detached state, viz the box . the relaxed spring 
immediately above lyii ^ in a spiral form , the arbor wiui its pin, on which 
the intenoi end of ihe "spring is booked, and the hd through which the 
pivot of the arbor peiMUrates, this synng is forced into the box by a tool on 
purpose hen it , aud then the exterior end is hooked to a pm m 

the oivoolar edge of the Imx, so that if the box is made to turn round while 
file Mbor IS held fast„the spring begins to coil at the centre, and is thereby 
sm^lo he wound up.^ The same effect would he produced if the box were 
held fh'it, and the arbor only were turned ; but in the latter case the chain, 
which req^nires tobe unooilm frcmthe spnng-boxas this spring is wound up " 
wonld rematn unmoved ; it is metsafy therefore that the box be turned 
While the arbor is at rest, whidh is thus efihcted . one end of the chain is 
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mde tuX to ^1^6 of 4 ho ood &o odwf to ^ fbiee A(l»r 

^ pdly-plato in 507, ib that it oaiMbf 
mMTO^^WjiSM 0 key ondib fHfm qt^dfei fbm arlm 

and ttdttto imHHHw du^^ will iruM tih$ <Aaiit upon tfce «pM 
g^TOoruMfxMB^m It H unwound from die to: and durittg ^ 
wMt bdotnM upto diaoitoofmlMk^orpuuiitn 
am drjMloiCleiiiO^ ftoe tok n^n. 4flta rapid motion 

ntUdb On ftuee wwM Wo in a cotiogpnMio dW&n nto ^ilodl^ dio 
wholb |»Tooof tbo ooilnd mog^tapmontodbythn train of wWUwoik and 
baianoi^titot the great wboel d isnotfaatto thufthldiend of the fusee* aa 
appeaiwinthedtllOrmgs, butearnes A click and clidMiprtim a* as seen m 
fig- 503, while tfio ratchet-wheel, seen in fig. 504, is mam fSst to the fusee ; 
tm cointqi^liiniee of i^bich contnvanee is, that while a kay applied to the 
fuiee arbOr winds up the watch and fills the fusee groove wuh the chain, 
until the ffuard driven by it catches the beak at the small end of the ftisee, the 
click, in fig. 503, slides over the teeth of the ratchet m fig. 504, without acting 
on them, and thus leaves the great wheel d at rest, in connection with the 
pinion e on the centre or minute wheel arbor; but when the Opnng acts on ^ 
the fusee in a contrary directiflgjjUhe click attached to the great wheel iS’^ 
laid hold of by the teeth of the nmet, which thuB makes it &st to the end 
of the fusee; or in other words, until the spnng wants winding up aggm, 
which usually happens once in 28 or 30 hours , but it is commonly wound 
up once in 24 hours more or less The action of the great wheel d, dn 
pinion e, is that of a long lever driving a short one, or this wheel may be 
said to art under a mechanical disadvantage, when an increase of velocity, 
but a loss of power, is experienced by the pinion ; again, on the same cen- 
tral arbor of this pinion e is n vetted the centre wheel f, which revolves m an 
exact hour, as we shall see presently, and this wheel dnves the pinion g, 
on die arboi of the third wheel A, also with a mechanical disadvantage, for 
the force it imparts to the pinion I, on the arbor of the contrate wheel, » 
again diminish^ in the ratg) of the diameter of the wheel to that of its 
pinion , thus the force of die mainscnng is continually dimmisbing, as it is 
transmitted through the train, and when the contrate wheel comes to be 
actuated, it has just force enough to drive the horizontal pinion on the 
balance wheel I, so that the alternate impulse given by its teeth to the pal- 
lets of die balance verge are just sufficient to perpetuate the oscillation ,from 
right to left, under all the obstacles of friction, dirt, wear, and the air’s 
resistance It is a cunous f<ict that the crown-wheel escapement, though the 
oldest that we know of, is still the most in use m common watches, probgbly 
from the facility with which it is constructed , for certainly it is more Under 
the influence of the irregulaniies of the mainspring's force than any other 
escapement The properties and action of this escapement ha\e been 
minutely explained m page 516 of the article Escapement, with reference 
to fig. 623, to which explanation and figpre we request our reader's 
attention. 

In order that the force applied to pallets of the verge fit 
each oscillation may not sensibly vair, it was found necessary 
to equalize^ as much as possifaie^ the variable forces of the 
mainspring in its different states of tension ; and the most 
practical way of doing this has been found, to convert the 
cylinder on the arbor of the grftab wheel, which would have 
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beeti proper for a gravitating bodjr, used as a maintaining 
power^ into a fl§bre of a parabolic form^ that is^ into a aoU^ 
generated by the revolution of a parabobb order that^ as 
3ie force of the spring becomes greater by Upcjeealed tension^ 
its action on the great wheel might be lessened in a similar 
proportion, by a gradual decrease of the radius of the fusee, 
round whi^ the chain is wound, to impart the foreetbtts 
modified. Every separate spring, therefore, has not only 
average force proportioned to the balance it is destinra to 
actuate, when diminished by transmission through h given 
train, bul requires its scale of varying forces to be nicely 
counteracted in every degree of tension by the shape qf the 
fusee ; and this is dona by means of a tool, called a fusee ad« 
jubling tool, which is nothing more than a lever with a sliding 
weight, attached to the square end of the fusee arbor, as re*^ 
presented in fig. 509 j for when the weight on the lever is 
an exact counterpoise to the force of the mainspring in every 
part of the succebsive revolutions df the fiisee, as the spring is 
wound up by the lever instead of a key, then the shape of the 
fusee is proper, but not otherwise. Hence, whenever a new 
mainspring is put to a watch, the fusee ought to be adjusted 
in the fusee engine accordipg as the adjusting tool determines. 

The comparative forces of the spring at the extreme ends 
of the fusee may be adjusted by the small ratchet c, on the 
back of the pillar-plate in fig. 507, but when the spring is ^ut 
to a suitable degree of tension to act well at both extremities 
of the fusee, it must not be altered by ratches’ click, but 
the intermediate forces must be equmized by a due shape 
given to the fusee. We have insisted the more on this part 
of the mechanism being attended to, because, as the primutn 
mobile^ it is the basis of all other motions. The number of 
rounds that the spiral of the parabolic fusee may be cut into 
depends on the length of the pillars of the frame, or, which is 
the same thing, the shallowness of the watch. The French 
frequently leave out the fusee, and attempt to equalize the 
forces of the mamspring by tapering it ; and with detached 
escapements, this mode may sometimes answer toli^rabiy, but 
with the crown-wheel escapement a fusee is mdispensable. 
Again, the number of teeth in the great wheel, and in the centre 
pinion, depends on the nirmber of rounds in the epural of the 
fhsee. 

In a thirty-hours’ watch, with six turns of tbs fosce, the great wheel must 
kaire V times as many teeth as the centre pinion ; so that if this has 
six leaves, the wheel must have 5 x 6 3p teeth ; but if eight, then 5 x 8 «40; 
if the spiral has seven turns, the great wheel 48, and the pinion 12, then th4 
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ment for time^ as well as com^nsation for temperaturc5 are 
by means of heavy screws^ which fonu a part of the moving; 
balance. In these more perfect tnachines^ ^ hoffik of &e 
spring, which is now made helical or irjflWt" 

(fetermined such, Uiat the long and short vifitmonti 
formed in the same time, and this is called the Uocbi^al 
IhngthSi wMch is not afterwards altered by subsequent adjttstc 
ments. , 

The last portion of the watch which demands oUr miplanation is the dial- 
work, for producing the hours and minutes ; this wdl be easily mideiltbod 
by reference to figs. 502 and 507. When the pinion called the cannon* 
pinion, seen near the minute-hand in fig 502, is inserted on*thQ arbor of 
the hour or centre wheel, to which it fits rather tight by friction, it revolves 
therewith m an hour, and receives the minute or hour hand on its protruding 
squared end ; then this pinion drives the wheel a round a stud on the pillar* 
plate, and with it a pinion w made fast to its centre; which pinion again 
drives a* second wheel, v, round the tube of the cannon-pinion in twelve 
houfb ; and to this the hour-hand is attached. This diminution of twelve 
revolutions from the cannon-pmion to the hour-wheel might be effected by 
one pinion driving a single wheel of twelve times its number of teeth ; but 
as the motion must be biought back to the centre of the dial again, two 
more wheels, or a wlieel and pinion, are necessary to be introduced, and 
these are th<>refore made a part of the tram, and no large wheel or small 
pinion IS wanted, for the ratiO 12; t may be more conveniently obtained 
by two factors, vix 4 : t and 3 ; 1 ; thus, suppose the canuon-pmion 
to have 15 leaves, its wheel may have 4xl5«=50 teeth for wheel a, 

and if wheel t; be the same, its pinion will be ^ » 20, and the tram 

3 

60 60 360 72 60 12 * v j 

— y — s — B — OT — B — or 12 ; so that when the pinions are fixed 
15 20 30* 6 5 1 

upon for the dial-work, the wheels are readily determined, and vice versd. 

The following Tables, somewhat differently arranged, were 
published by W. Stirt, an ingenious balance-wheel and fusee 
cutter. 


A TABLE OF TRAINS FOR WATCHES; 

Showing the Number of Turns on the Fusee and Teefii in tlie Balance- 
wheel, with thq Beats in an Hour, and the number of aSeconds in which 
the Contrate or" Fourth Wheel revolves ; for the easy Timing of Watches 
by the Vibrations of the Pendulum. 

9 Teeth in the Bahtnee-wheel 


Second wheel .'iB 6 Third wheel pin. 

60 8 

60 6 

60 6 


60 6 

64 6 

' 64 8 1 

Tlurd wheel 56 6 Contrate pin. . . 

56 7 

58 6 

58 6 


60 6 

Era 


Contrate wheel 54 6 Balance pm. .. 

80 6 

52 6 

56 6 

54 6 

60 6 

54 6 


Beats 14,616*10 an hour 

14,406 

15,080 


16,200 

18,000 

Mm 


Seconds 39^, in which the 4tb 1 
whed revolves ^••••/ 

fiO 

m 

37* 

36 

36 

3H 

60 

1 
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A Tabii or tkAiKs roA WAtcan c^hMinmA 
fa ttr BahueetuiML 

Second NfaMi 49 C S4 6 ' ft4 6 96 7 SS d Sd d 

TUidedw^ 4S« CS^DtB&B 45 d ^S 45 d 54 6 56 6 

Cont^WMclTO 6 Baluee plitda 656 606 766 54 4 506 

' - V r*®*®** iMdo |id,iso2 v.6d; 

Seeoniin66»iBl^Ulektte4t|iwbeelrevolvee{ 53d 48 50 42| 4I| 


&s e 

5*! 

58 6 

58 6 

58 7 

60 6 

60 6 

60 6 

60 6 

60 6 

60 6 

52 6 

Hi 

.54 6 

56 6 

56 6 

50 6 

52 6 

54 6 

64 6 

64 6 

66 6 

,5S 6 

“it 

54 6 

54 6 

56 6 

52 6 

52 6 

50 6 

52 6 

54 6 

52 6 

&5»973 

1A5“ 

17425 

17,81/ 

15,879 

15,888 

16,520 

10,500 

17,160 

17,8420 

17,477 

*H 

51* 

«* 

39} 

54* 

43 

41* 

40 

40 

40 

39 

60 6 

60 t 

60 8 

60 8 

60 6 

60 8 

60 7 

62 6 

62 7 

63 6 

63 6 

56 6 

66 6 

56 7 

56 7 

60 6 

60 6 

60 7 

54 6 

58 6 

54 6 

56 " 

50 6 

56 6 

74 a 

78 6 

48 6 

56 6 

60 6 

52 6 

52 6 

50 6 

56 6 

17,111 

16426 

16,280 

17,160 

17,553 

15,400 

.6,163 

17,935 

16,324 

17,325 

17,248 

38} 

40 

60 

60 

36 

48 

49 

38} 

45 

38 

42} 

64 6 

64 6 

65 7 

70 8 

70 7 

72 8 

72 7 

80 8 

75 10 

72 9 

72 9 

50 6 

52 6 

62 7 

54 7 

63 7 

63 7 

64 7 

72 8 

72 9 

66 8 

60 8 

50 6 

52 6 

59 7 

68 6 

58 7 

54 6 

58 7 

68 8 

66 8 

60 6 

54 6 

6,296 

17,625 

15,250 

16,830 

16,408 

16,035 

7,142 

16,830 

13,200 

13,200 

11.880 

40} 

39 

434 

53} 

40 

44} 

38} 

40 

60 

66 

60 




13 Teeth in 

1 

1 





Second wheel 48 6 Third wheel pinions , . 

Third wheel 45 6 Contrate pinion 

Contrate wheel 66 6 Balance pinion 

Beats 17,160 in an hour. 

Seconds 60, in which the 4th wheel rerolves 

48 6 
45 6 
68 6 
17.680 
60 

54 6 
52 6 
51 6 
17,238 
46 

54 6 
52 6 
52 6 
17,576 
46 

55 6 
51 6 
51 6 
17,219 
46} 

56 7 
45 6 
66 6 
17,160 
60 

56 6 
50 6 
50 6 
16,851 
46} 

56 6 

50 6 

51 6 
17,188 

46} 

56 6 
52 6 
48 6 
16,824 
44} 

60 6 
48 6 

1 48 6 
16,640 

1 

1 

60 8 
48 6 
66 6 
17,160 
£0 

60 6 
50 6 
46 6 
16,611 
43 

60 6 
50 6 
48 6 
17..333 
43 

60 7 
54 6 
52 6 
17.382 
46} 

60 6 
54 8 
60 6 
17,550 
54 

60 7 
56 7 
56 6 
16,640 
62} 






73 8 

74 8 

74 8 

75 10 

ESS 

80 10 

70 8 

64 8 

68 8 

72 9 


60 8 

68 8 

63 7 

68 8 

70 7 

KM 

60 8 

17,403 

17316 

\17A00 

15,600 

12.480 

15,600 

S3* 

48} 

60 

60 

60 

60 

1 


60 8 

60 6 

m 

60 7 
48 6 

17,593 

17,828 

1 49* 

42 

65 7 

70 8 

62 7 


58 7 

52 6 

17,717 

16,900* 

43* 

48 

96 12 

90 10 

/5 10 

90 10 

88 8 

90 10 

17,160 

18,9.54 

60 

44} 
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AtTaemi of Traie« foe Watcesa cpniiaue^* 


16 IMh in ike Bahnce^eehHjk 


Second whed 48 6 Third wheel pinion.... 

Third wheel 45 6 Contrate pinion ...... 

Contratewheel 54 6 Balance pinion 

Second 60, in which the 4th wheel revolves 

48 6 
45 6 
5$ 6 
17,400 
60 

1 

54 6 
48 6 
46 6 
46,560 
50" 

84 C 
46 6 
48 6 

54 6 
48 6 
64 8 
17,1280 
50 

54 6 
50 6 
48 6 
18,000 
48 

56 7 
45 6 
56 6 
16,800 
60 

56 7 
45 6 
58 6 
17,400 
60 

56 7 
45 6 
60 6 
18,000 
60 

56 6 
48 6 
46 6 
17,173 

48 

56 7 
60 8 
60 6 
18,000 
60 

58 6 
48 6 
46 6 
17,786 
464 

58 6 
50 0 
58 6 
17,520 
594 

wm 

804 

18,Me 

8p 

60 8 
56 7 
48 6 
14,400 
60 

60 8 
56 7 
56 7 
14,400 
60 

60 7 
56 7 
58 7 
17.044 
52§ 

60 8 
56 7 
58 6 
17,400 
60 

60 8 
66 7 
60 6 
18,000 
60 

60 8 
36 7 
60 7 
15,386 
60 

60 6 
60 8 
48 6 
18,000 
48 

60 6 
60 10 
48 6 
14,400 
60 

60 6 
60 8 
56 7 
18,000 
48 

60 6 
60 10 
58 6 
17,400 
60 

60 10 
60 6 

60 6 

18,000 
60 

1 

60 6 
64 8 
66 7 
16,971 
60 

60 8 
64 8 
70 7 
18,000 
60 

62 8 
60 8 
60 6 
17,437 
61| 

63 7 
54 7 
50 6 
17,356 
514 

63 7 
56 7 
56 7 
17,280 
SO 

64 8 
45 6 
56 6 
16,800 
60 

64 8 
60 8 
58 6 
17,400 
60 

64 8 
60 8 
60 6 
18,000 
60 

64 6 
60 10 
70 8 
16,800 
564 

65 7 
56 7 
56 7 
17,828 
48S 

70 6 

60 10 
48 6 
16,800 
514 

i 

70 8 
64 r 
50 6 
17,500 
514 

70 8 
64 8 
58 7 
[17,400 

! 514 

70 10 
65 8 
60 6 
17,062 
564 

72 6 
60 10 
48 6 
17,280 
50 

72 8 
64 8 
50 6 
18,000 
50 

72 8 
64 8 
54 7 
16,062 
50 

72 8 
64 8 
64 8 
17,280 
50 

72 8 
65 6 
64 8 
17,550 
49 

75 8 
64 8 
64 8 
18,000 
48 

81 9 

72 9 

72 9 
17,280 

50 


17 Teeth in the Balance-wheel, 


Second wlieel 48 6 Third wheel pinion .... 
lliird wheel 45 6 Contrate pinion •••••. 

Contratewheel 50 6 Balance pinion 

Beats 17,000 in an hour 

Seconds 60, in which the 4tih wheel rerolrea 


50 7 00 B 04 8 

45 6 56 7 60 8 

53 6 52 6 60 7 

18,020 sl7,828 17,485 
60 60 60 


o.w. i.w.p. T.N.a. 

48 10 6| 

50 10 0 

52 10 5| 

34 10 50 


6%^* 10 
n \i 



O.Wfc 

55 1!2 

it ' 

a. .ft, 

t. 


If we divide doable the prodool of all the four wheelA th^ product of 
oil the dkree ptnioiui, the quotient will be the number of beii^ ^s^ |^en in 
any of the trains contains in this table ; idso^ if we tidce the second and 
^tfd wheels, itnd their pinions respe^vety, as a oampouad of an 

hour/ the^ wUl give the^seconds in whidi the eonAiate*wheel, aH^lt to the 
latter pinion, will revolve ; thus, of ^ of of 60r*»l" or 60^ numbers 
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IU« canae<ia«ittlj tat « watdi that indiiatM the teeondi; and if tU 
btata )>a ia,000| at t'MOO, then will be five or four beata teepectivei* » 

a tecooid, whk^ aiM the beet trains for measuring fractional parte of a second. 
cHronombtbrs. 

Chbonombtbrb differ an ordinary watdi principally in 

liifca^nient and balanra. Tbeae machines deserve more 
than attenriotay as well fW>m their practical utility *in 

liavigalioa, as from the principles on which they are con- 
structed, in which the irregular forces both df impulse and 
resistance are greatly diminished by the exactness (ff form 
and dimension. 

In the reign of queen Anne, the British parliament passed 
an act, offering a reward of 10,000/. for any method of 
determining the longitude within the accuracy of one degree 
of a giteat circle; of 15,000/. within the limit of forty 
geographical miles ; and of 20,000/. within the limit of thirty 
such miles, or half of a degree ; provided such method should 
extend more than eighty miles from the coast. The hope 
of obtaining this reward stimulated a watch-maker named 
Harrison to be indefatigable in his endeavours to effect the 
required improvement, which eventually led him to Apply 
the principle of the apposite expansions of different metals 
to a watch to effect a self-regulating curb, for limiting the 
effective length of tlic spiral pendulum-spring to correspond 
to the successive changes of heat and cold, which changes 
were now knowp to alter the force of this spring, and tiie 
momentum of the balance. * 

After Harrison had by his industry and perseverance ob- 
tained the large reward, the act w^as repealed, and another 
substituted, offering separate rewards to any person who 
should invent a practicable method of determining, within 
circumscribed limits, the longitude of a ship at sea ; for a 
time-keeper, the reward held forth to the public is 5,000/k 
for determining the longitude to or within one degree; 
.7«&00/. for determining the same to fo^ geographical miles ; 
10,000/. for a determination at or within half a degree. 

iis aet, notwithstanding its aimdeed limits end diminished 
reiimrdj has produced several eandidates ; of whom Mudge, 
the two Arnolds, and JS/onshaw, have had their Idbourfi 
crawned with partial success. 

Aftboui^, in respect to Mudge’s time-keejper, great ex- 
pdbtdribnswere at first ndsed, it has, from the complexity 
m the .machinery, and consequent e^^ense attendant uuqn 
mwi^ it, gradually fidlen into disrepute, and is now selwm 
or ever made,' Swh of our readers who wish to see its 
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manne)r of (^nstniotion -and performance^ we touat refer to 

The Deec^tion of Mn Mudge^a Time-keeper^” pubUidied 
in 1709, by l^omas Madge, jun. - " ; 

The chronometer we purpose to lay before oaf" readers 19 
that constructed by Mr. Carnshaw, as we are strongly difi- 
posed to conclude, from various documents we have 
and from the similarity so evident in the cdnstmetion of Hlfl 
escapement, that Mr« Arnold derived the knowledge of' his 
principle from Mr. Earnshaw. ^ 

In Mr.Eamehaw's chronometer the escapement is detached| 
which is the best for the equal measurement of time> becsatisiii 
the vibrations of the balance are free from the friction of the 
wheels, excepting about one-twelfth part of the circle, while 
the scape- wheel is acting on the pallet to keep up the motion 
of the balance, which is done with considerably more power 
and less friction than by any other escapement, as it receives 
but one blow from the wheel, whilst other escapements receive 
two it has also an equal advantage of the same quickness of 
train, and when the impulse is given to the balance by the 
wheel, it is given in a similar direction, and not in opposition, 
as mcjst escapements are which produce a recoil. 

The pivots of the balance-axis should be the 
si/e of the verge-pivots of a good sized pocket- 
watch, and of the annexed shape, which will greatly 
add to their strength, the extreme end, or acting 
part, only being straight; the jewel-hole should be 
as shallow as possible, so as not to endangc> cutting 
the pivot, and the part of the action of the hole made quite 
back, with only a very shallow chamber behind to retain the 
oil ; deep holes are very bad, for when the oil becomes 
glutinous, it will make the pivots stick, so as to pi-event the 
balance from its usual vibration. The pallet should be half 
the diameter of the wheel, ora little larger, for if smaller, or 
one-fourth the diameter, as is the case in Arnold’s, the 
wheel will have too inucli action on it, w^hich will increase 
friction most considerably, and likewise cause the balance to 
swing so much farther to dear the wheel; conseqiienlly, 
a check in the motion of the balance may stop the watcL, 
and causi 0 tiin^-keepeis bo constructed to stop. The f^e df 
^he pallet should run in a line of eqmd distance between the 
centre of the pallet and its extremity, and not in a right lilie 
to its centre, as this causes an increase of friction, and W 
of that powder which is obtained by the wheel, a;etiiig on^the 
CYtrciuity of the pallet. The scape<*wbeel tee^ sUould feltm 
^liC same direction as the face of the pallet, tmdelf^CQI for 
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pvrpQ80 of friction, ^nd maintaini^ the powe^* 

aafe nntooking. The pointa of the wh^-teetb must; 
not be rounded off, but left as sharp aa possible. The pivote 
of . 1 ^ eeapO-*wheel ore to be very little larger ibm the 
bejlence*«pivots, 

Xbe^heel^ia jpebed by a spring, insteadL of a detent with 
pivot% aPt jbbexFrench have ma de them ; fpr those pivots must 
nave oil, and when the oil thickens, the spring or the pivot- 
detents become so affected, by it, as to prevent the detent^ 
ftmn f^ng into the wheel quick enough, which causes irre-' 
gular time, and ultimately a stoppage of the watch. 

When the spring is planted on tte side of the wheel, the 
on which the wheel rests should be a little short of a 
angle, so that the wheel may have a tendency to draw 
jthe spring into it ; for if sloped the other way, or beyond 
a right angle, it will have a tendency to push the ^riug Out, 
in which case the wheel will have liberty to run. The wheel 
should take no more hold on the spring than just suflicient 
to stop it, otherwise the friction will be increased. The 
small return-spring should be as thin as possible at the end 
fastened to the other spring, but at the outer end a little 
thicker ; the spring should be planted down as close to the 
wheel as to be just free of it : the discharging pallet about 
one-thirdi or near one-half the size of the large or main 
pallet, the face of it in a right line to the centre, the back of 
it a little rounding off from the centre. Cfreat care must 
be used, in taking off the edges of this discharging piece to 
make it rounds to prevent cutting the spring, nor can it be 
made too thin, provided it does not cut ; the end of it nearest 
the balance should be a little more out from the centre of the 
bujance-axis than the lower part of it towards the potence, 
for counteracting the natural tendency of the spring down- 
w ardb from the pressure of the scape- wheel ; and that part 
of the spring on which the wheel rests should be sloped a 
little down, to give the wheel a tendency to force it up, tp 
counteract the natural inclinacion which the w’heel to 
draw it down by its pressure on it. 

The balance is to be n:\ade of the best steel, and turned from 
titaowp centre to the primer size, and then put into a crucible 
with as much of the best brass as will, when melted, cover it. 
The brass will adhere to the steel, and when set, is to be 
taruefT to its proper thickness, and hollowed out, so as^ to 
leave tbe;$teel rim about the thickness of a repeating-spring 
snsuiJ^ sized repeating-watch. The brass is to be turned 
to ueae twice, CUT three times the thickness of the steel ; cross 
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it ont with 4lUy one arm straight across the canttte, and al 
each end of the arm fix twq screws, opposite to each others 
through the rim of the balance, to regulate the watch to time'. 
The mataeter of the heads of these screws must be afiont 
equal tathe thickness of the balance, a little more or less is 
not materiid. The compensation^weigfats riidnld be made of 
the best brass, and well hammered, and a groOte turned told, 
the rim of the balance into it ; this should be cut'iato futtk^" 
teen equal parts, which wifi leave seven pair o^pieces 'of 
equal size and weight, one of which pair, being screwed on 
the rim of the btuance^at equid distances, will produce an 
equilibrium. In making balances, great care must be taken 
that they get no bruised or bendings; for ifa bruise be made on 
one side so as to indent the metal, that part Wifi be less aflected 
by the atmospheric agency of heat and cold than those parts 
whose pores have not been dosed by the same vkddee. 

Balances are likewise spoiled bybending the compensaHoii> 
pieces, ds bending cracks and destroys the compact body of 
the metal. Ibe soldering up those cracks with a metal vei^ 
different in expansion to the metal cracked is hurtful, as it is 
not then posrible to bend the compensation-pieces into a 
true circle, in u;bicii case they form so many parts (^different 
circles, that nothing regular can be produced. 

To a^ust the balance in heat and cold, put the watch into 
about 85 or 9Q degrees of heat by the common thermometer, 
mark down exactly how much it gains or loses in twelve 
hours, then put it into as sev^ere a cold as you can get for 
twelve hours ; and if it gain one minute more in twelve hours 
in cold than in heat, move the compensation-weights farther 
from the arm of the balance ^bout one-eighth of an inch ; 
and if it gain one minute more in twelve hours in heat than 
in cold, move the weights one-eighth of an inch nearer to tiie 
arm of the balance, and so on in like proportion, trying it 
agmo and again, till ydti find the watch go the same in what- 
ever change of heat or cold you put it in. 

Mr. Eamshaw has found out a method of obviating the 
difficulties attendant in making time-keepers go nearly the 
same in whatever position they n^bt be put. It merely 
consists in baring the balance-sprin^well and properly made; 
but if .tiie spring be made as heremier described, it only re- 
quires that the balance riionld be of equal weight, and it wOl 
go, afithin a feW seconds per day, in w pontims tdike ; Shnd 
if it' vibrate not more than H circle, will, Iw applying •a 
small weight to that part of the balance wbieh-is dowmmltis 
wben in ^e position that it loies most, correct it with great 
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acdiracf. If it vibrate more than circle^ it will reqnim 
the weight to be above, instead of below | and afto the watch 
has been ^oing a few months, and its vibrations shorten to 
n circle, it will go worse and worse by reason of the weight 
being in the wrpng place ; therefore, to avoid this evil, it is 
absolutely necessary to confine the vibrations to circle, 
which will produce the most steady performance. 

The greatest difficulty with which Mr. J^mshaw had to 
contend in the construction of his chronometers was, to find 
out the invisible propqrties of that apparent simple part of the 
machine, called the balance-spring. He found, in reasoning 
on bodies, that watch-springs, when kftpt constantly in mo- 
tion, relax and tire like the human fmme. In proof of Ais, 
let a watch, that has been going a few months, go down ; let 
it remain down for a weekbr two, and then Set it going, when 
it will, if it be a good time-keeper, and not affectcdT by the 
weather, go some few seconds per day faster than it did when 
it was let down ; but it will again lose its quickness in a 
gradual manner, gaining less and less till it comes to its 
former rate. Finding, therefore, that isochronal springs 
would not do, and having made springs of such shape as 
would render long and short vibrations equal in time, and 
which constantly lost the longer the watch went, Mr. Earn- 
shaw made them of such shape as to gain in the short 
vibrations about five or six seconds per day more than the 
long ones, which quantity could only be found by long expe- 
rience ; and the way he adopted to prove this, was to try the 
rate of the watch with the balafice vibrating about one-third 
of a circle, then tried its rate vibrating 1^ circle; and if the 
short vibrations went slower than the long ones, he found 
that the watch would lose in its rate ; and if equid, it would 
likewise lose, but that only from relaxation ; he found also, 
if it gain in the shoit vibrations more than five or six seconds 
in tu ciity-four hours, it will in the long fun gain on its rate ; 
but if not more than that quantity, and the time-keeper is 
perfect in heat and cold in evfery other part, the above pro- 
perties will render it deserving the name of a perfect^ time- 
keeper. Mr. Earnshaw found the common relaxation of 
balance-springs tb be about five or six seconds per day on 
their rates in the course of a year ; therefore, if the snort 
vibrations are made by the shape of the spring to go * about 
that quantity faster than the long ones, and as the spring 
relaxes in, going by time, so the watch accuniulates in dirt 
and thiclttsning of the oil, which shortens the vibrations, the 
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ttliort onet then being quicker, compensated for the eyil of 
relaxation of the balance-spring. 

Having thus given o^r readers Mr. Earnshaw^s prefirtory 
observations to the Board of Loiwtude, we shall, in the next 
place, proceed to ^ve a geoer^ descript^n of the differ^t 
parts ot Jds chronometer* ] 

Fig. 510 represents the time-keeper put ^ . 

Fig. 511, tne pillar-plate fcom u^hidi the csiupijf nu^ be taken; a, the 
height of the pillars. * ^ ’ 

Fig. 512, the barrel and main-spring; 5, side view of th^ barrel. 

Fig. 513, the fusee and great umeel, wiOi rathhet He4Setp it going whilst 
winding up ; c, side view of fusee. 

Fig. 514, second wheel fnd pinion ; ifj^side view of second whe^. 

Fig. 515, third wheel and pinion ; std^ view^of , 

Fig. "516, fourth wheel and pinion ; /, side view of it. 

Fig. 517 represents the upper plate, with the^’escapetaent on it, from 
which the calliper may be taken. In this hgsre the draftsman has^ not 
placed the pallet near enough the wheel ; but this is of no consequence, as 
a proper and exact draft of the escapement on a much larger scale is given 
in 6g. 522 ; tlM escapement, therefore,, it to be understood from that figure ; 
(his only shows the sizes of the wheels. 

Fig. 518 represents a side view of the scape-spring whieh locks the wheel* 

Fig. 519^ one of the brass weights to be fixed on the rim of the balance 
for the compensation for heat and cold ; g, the groove cut in it to receive 
the rim of the balance. The rim of the balance is cut through in two places 
in opposite directions, as in fig. 510, ^d two of those weights are to be 
placed on the balance-rim, at equal distances, as there represented, and 
^tened by the screw as at h. These weights are to be moved backwards 
or forwains on the rim of the balance, to make the watch go faster or 
slower in heat or in cold, as by trial may be found necessary. 

Fig. 520 is a side view of said brass weights; k, the groove to receive 
the rim of the balance; its depth shows the breadth for balance-ring. 

Fig. 521, the cylindrical balance-spring. The only advantage attending 
the cylindrical shape is, that it is rather easier made, being a saving of about 
one hour of time ; for if the real body or form of the spring be like the shape 
of the stem of a feather, or common writing quill, it is of no consequence 
whether it be turned into a spiral or cylindrical figure. 

The model, from which the four following figures were taken, eontains, 
besides the partd necessary to explain the nature of the escapement, a Box 
enclosing a spring, wh%, when wound up, communicates, by means of 
some more wlmels, a force to the balance-wheel sniSScient, when the balance 
is put in motion, to keep it in actipn for some time. These wheels are 
contained between two brass plates, fostened together by four upright pil- 
lars. The wnermost of these plates is that which is represented m fig. 522, 
where P Q are the four screws that take into the heads of the four pillars 
above-mll^oned, and connect it to the remaining part of the model. The 
plate PQES contains, however, the#vhoIe of the parts necessjiry for the 
preseiH purpose. The side of this plate represented to view, is the under- 
moft mhien fixed in the model ; so that the figure represents this plate as 
with the side next to the balance laid upon a table, and the eye is 
4im»ed to be placed perpendicularly over iu 

ihe pl^te is aoropening, or a piece taken out, Represented by 
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T U W X Y Z. In this opening the balance-wheel A B C D, pallet M S K, 
and part of the balance 17 V, are seen. The balance-wheel is supported hy 
two pieces of brass, O N II, O I ; the piece O N 11 is screwed to the side of 
the plate nearest to view by a strong screw, V, and made firm by small 
pins, represented byriririririr; these pins are called steady-pins; they 
are rivetted fast into the supporting-piece O H, and take into holes in the 
plate P Q R S, made exactly to fit them. The part O N of this supporting- 
piece is supposed to be raised above the part OH by a joint or bend at N : 
the other supporting-piece O I is fastened to the opposite side of the plate ; 
and between these two pieces the balante-wheel turns freely and steadily 
in the direction of the letters A BC D. The small wheel M S K is called 
the large pallet ; it is a cylindrical piece of steel, having a notch or piece 
cut out of it at / A i ; against the side of this notch is a square, flat piece of 
ruby, or any hard stone, h /, ground and polished very smooth, and fixed 
into the pallet. Tlie cylinder is so placed, with respect to the balance- 
wheel, that it may not be more than just clear of two adjoining teeth. E F 
is a long, thin spring, which is made fast at one end, by being pinned into 
a stud G, and made to bear gently against the head of an adjusting screw, 
m : the other end is bent a liille in the form of a hook ; to this spring there 
is fixed another very slender spring at 7 , which projects to a sms^l distance 
beyond it. This small spring lies on the side of tlie thick spring nearest to 
the balance-wheel. The acQusting screw tn takes into a small brass cock at 
a p, which is screwed fast to the upper plate by a strong screw, l^j'on tlie 
spring K F there is fixed a semi-cylindrical pin, w*hich stands up perj)en- 
aicularly upon it, and of a sufficient length to fall between the teeth of the 
balance-wheel A D CD. Tliis pin is called the locking-pallet, and is placed 
on the opposite side of the spring represented to view. Through the centi e 
of the cylindrical pallet M S K, a strong steel axis passes, called the verge ; 
the pallet is made fast to this axis, which also passes through the centre of 
the balance, and is made fast to it ; it has two tine pivots at its extremities, 
upon which it turns very freely, between two firm supporting pieces of 
brass, screwed firmly, and made as permanent as possible, by steady-]>ins, 
to the principal plate. A little above the cylindrical pallet M S K, is fixed 
a small cylindrical piece of steel, f », having a small part projecting out at ?, 
through which the verge also passes ; this is called the lifting-pallet, and is 
from one-third to half the diameter of the large pallet ; il fixes upon tlie verge 
like a collar, and is made fast by a twist, so as to be set in any position 
with respect to the large pallet M S K. The end E G of the long spring 
E F being made very slender, if a small force be applied at the point 0 to 
press that end out from the wheel A B C D, it yields easily in that direc 
tron, turning, as it were, upon a centre at G ; it is also m^e to slide in a 
groove made in this stud, in such a manner that the end 0 may be placed at 
any required distance from the centre of the verge. 

Having described the several parts as they appear in the fi^ire, we next 
come to their situation or connection with respect to each other. Let the 
long spring E F be supposed to be so placed, that the end of the slender 
spring y i may project a little way over the point of the lifting-pallet i a, 
but not so close but that the point of the pallet may pass by the hooked end 
of the spring EF without touching it; the head of the adjusting-screw m is 
also supposed to bear gently on the inner side of the said spring £ F, or 
that nearest to the wheel, and at the same time the locking-pallet is so 
placed, that one of the teeth, D, of the balance-wheel, may just take hold 
of it. This pallet is not visible in its proper place in the fi^re, being 
covered from sight by fhe screw m, and part of the spring E F ; its position 
is therefore represented by the dot A, on the opposite tide of the wheel, 

2 L 
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having the tooth A just bearing up against it. From the above description 
of the several parts of the escapement, and their connection with each other, 
it will be easy to see the mode of its action, which is as follows : 

A force being supposed to be applied to the balance-wheel, so as to cause 
it to move round in the direction of the letters A B C D, one of the teeth, as 
D, will come against the locKing-pallet (as represented at A, and the locking- 
pallet by A.) The wheel is then said to be locked, being prevented fiom 
oeing moved forward by this pm. Let the balance be now supposed to 
rest in its quiescent position, and it will have the situation represented in 
th- figure ; the hfting-point i of the pallet i n will be just clear of the pro- 
jecting end of the slender spring, the face, h /, of the large pallet M S K will 
fall a little below the point of the tooth *B, and the balance, having its spiral 
or helical (meaning cylindrical) spring applied to it, remains perfectly at 
rest in this position. Now, as the balance, and the two pallets M S K and 
I n, are fixed to the verge, it is plain they must all move together ; let, there- 
fore, the balance be carried a little way round in the direction of the letters 
M S K : by this motion, the end i of the lifting-pallet t n will be brought to 
press up against the Yirojecting end of the slender spring, and as this spring 
is fixed on the side of the spring £ F, nearest to the balance-wheel, the 
point i Will press the two springs together out of the balance-wheel ; then, 
as only the point of the tooth D (see its position at A) touches the locking- 
pallet when the spring E F was at rest against the head of the screw tn, it 
will, by the spring being pressed out from the tooth, have slipped off ; (for 
the locking-pallet, which was before supposed at A, will now be at «, clear 
of the tooth A of the balance-wheel;) the wheel being now at liberty, will 
move round by the force supposed to be applied to it ; but as the point i of 
the lifting-pallct moves on and presses out the spring, the point, /, of the 
lar^e pallet approaches towards the point of the tooth Bof the balance- 
wheel, so that when the spring £ F is sufficiently pushed out to unlock the 
wheel, the point I of the large pallet will be got to d, and in this position 
the point of the tooth B of the balance-wheel will fall upon it, at the same 
time the point of the tooth D has just dropped off from the locking-pallet 
m ; the force of the wheel, being by this means applied to the top of the 
pallet A /, gives an increased momentum to the balance, and assists it in its 
motion in the same direction, and by the continued motion of the large 
pallet in the direction M S K, the point of the tooth B, which keeps pressing 
and urging it forward, moves up towards the bottom of the face of the pallet 
towards A, until the plain fiat surfaces of the tooth and pallet come into 
contact ; by this time the end o of the slender spring has dropped of!' from 
the point i of the lifting-pallet, and the two springs have returned again 
into their quiescent position, the spring E F gently bearing against the head 
of the adjusting screw, m, and the locking-pallet, in a position to receive the 
next tooth, C, of the balance-wheel. When the two surfaces of the tooth 
tod pallet are thus in contact, the greatest force of the wheel is exerted upon 
the pallet, and of course upon the balance moving with it. The tooth still 
pressing against the face of the pallet, and the pallet moving in the direction 
M S K, it at .last drops off, leaving the balance at perfect liberty to move 
on in the same direction in which it was going. Just as the point of the 
tooth B, which has been pressing the large pallet round, is ready to leave 
it, the next tooth, C, of the wheel is almost in contact with the Ibcking- 
padlet m, so that the instant the tooth B drops off, the wheel is again locked, 
and the action of that tooth on the balance is finished. As tive balance 
snovas with the greatest freedom upon its pivots, the force of the tooth has 
piven it a considerable velocity, so that the balance still keeps moving on 
la the same direction, after the pressure of the tooth is removra by shipping 
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off from the pallet, until the force of the pendulum-spring, (ivhich is not 
represented in the figure,) being contimialh increased ny being wound up, 
overcomes the momentum of the balance, 'which for an instant of time is 
then stationary, but immediately returns by the action of the pendulum- 
spring, which exerts a considerable force upon it in unwinding itself. As 
the balance returns, the point t, of the lifting-pallet i n, passes by the ends 
of two springs, EF and Y O, and, in passing by, pushes uie projecting end o 
of the slender spring in towards the balauce-whoel, until it has passed it ; 
after tliis, the projecting end o again returns, and applies itself close to the 
hooked end of the spring E F as before. The spring yo is made so slender, 
that it gives but little resistance to*the balance, during the time the point i 
of the lifting-pallet is passing it, and of course causes hut little, if any, de- 
crease in its momentum. During the time the point t of the hfiing-jiallrt 
is pressing in the small spring yo, the long spring EF lemain.s steadily 
bearing against the head of the adjusting screw m, us the hooked end at o 
just lets the end of the lifting-pallet pass by without touching it. As tl.e 
spring has now been continually acting upon the balance, from the extremity 
of its vibration in the direction M S K, it has given it the greatest velocity 
when the point i of the lifting-pallet is passing the end o of the slender 
spripg; for at this instant tlie spring which was wound np by the contrary 
oirection of the balance, is now unwound again, or in tlie same st.ite as it 
was in its quiescent position at first, and of course has no effect at all ii[>r)n 
the balance in eitlier direction ; but the balance, having now all the velocity 
it would acquire from the unwinding the spring, goes on in the direction 
S M K until the force of this spring again stops it, and brings it back again, 
moving in the same direction as at first, with a considerable velocity. Hy 
this return of the balance, the point i of the lifting-pallet comes up again to 
the projecting end o of the slender spring, pushes back the long spring K F, 
and unlocks the wheel ; and another tooth falling upon the face ot the pallet 
h /, gives fresh energy to the balance ; and thus the action is carried on as 
before. 

ESCAPEMENT^ OR ’sCAPEMBNT. 

The motions of a clock or watch are regulated by a pen- 
dulum or balance, which serves as a check, without which, 
the wheels impelled by the weight in the clock, or spring in 
the watch, would run round with a rapidly accelerating 
motion, till this should be rendered uniform by friction, and 
the resistance of the air ; if, however, a pendulum or balance 
be put in the way of this motion, in such manner that only 
one tooth of a wheel can pass, the revolutions of the wheel 
will depend on the vibration of the pendulum or balance. 

We know that the motion of a pendulum or balance is 
alternate, while the pressure of the wheels is constantly 
exerted in the same direction. Hence it is evident that some 
means must be employed to accommodate these different 
motions to each other. Now, when a tooth of the wheel has 
given the pendulum or balance a motion in one direction, it 
must quit it, that the pendulum or balance may receive an 
impulsion in the opposite direction. This of the 

tooth has given rise to the term escapement 
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The ordinary ’scapement is extremely simple, and may be thus illustrated^ 
Let <ry, 523, represent a horizontal axis, to which the pendulum is 
attached by a slender rod. Tliis axis has two leaves, c and dt one near 
each end, and not in the same plane, but so that when the pendulum hangs 
perpendicularly at rest, c spreads a few degrees to the right, and d as mucK 
to the left. These are called the pallets. Let u/b represent a wheel, 
turning on a perpendicular axis, e o, in the order af e b. The teeth of this 
wheel are in the form of those of a saw, leaning .forward in the direction of 
the rim’s motion. Tliis wheel is usually called the crownrwheelf 01^ in 
watches the balance-wheel. It in general contains an odd number of teeth. 
In the figure the pendulum is represented at the extremity of its excursion 
towards the right, the tooth u having just escaped from the pallet c, and b 
having just dropped on d. 

Now It is evident, that while the pendulum is moving to the left, in the 
arc p ffy the tooth b still presses on the pallet d, and thus accelerates the 
pendulum, both in its descent along p A, and its ascent up h g, and that 
when d, by turning round the axis raises its point above the plane of 
the wheel, the tooth b escapes from it, and t drops on c, now nearly perpen- 
dicular. Thus c is pressed to the right, and the motion of the pendulum 
along gp IS accelerated. Again, while the pendulum hangs perpendicularly 
ill the line je A, the tooth A, by pressing on d, will force the pendulum 
to the left, in proportion to its lightness, and if it be not too heavy, will 
force it so far rom the perpendicular, that b will escape, and t will catch 
on c, and force the nendulura back to p, when the same motion will be 
repeated. This effect will be the more remaikable if the rod of the pen- 
dulum be continued through jry, and have a ball q, on the other end, to 
balance p. 

When b escapes from d, the balls are moving with a certain velocity and 
momentum, and in this condition the balance is checked when i catches 
on c. It is not, however, instantly stopped, but continues to move a little 
to tile left, and 2 is forcjd a little b.ickward by the pallet c. It cannot make 
its escape over the top of the tooth 1', as all the momentum of the balance 
was generated by the force of A, and i is of equal power. Besides, when 
i catches on <?, and the motion of c, to the left, continues, the lower point 
of c is applied to the face of i, which now act-* on the balance by a long 
lever, and soon stops its motion in that direction, and, continuing to press 
on c, urges the balance in tlte opposite direction. In this, it is evident that 
the niption of the wheel is hobbling and unequal, by which this escapement 
has received the appellation of the recoiling 'scapewent, 

. In considering the utility of the following improved ’scape- 
meot for clocks, we must keep in^mind the following propo- 
sition, which, after the above illustration, scaicely requires 
any proof. It is, that the natural vibrations of a pendulum 
are isochronous, or are performed in equal times. The great 
object of the ’scapement is to preserve this isochronous 
motion of the pendulum. 

As the defect of the recoiling ^scapement was long ap- 
parent, several ingenious artists attempted to substitute in 
us place a ’scapement that should produce a more regular 
and uniform motion. Of these, the ^scapement contrived by 
Mr. jCumoiing appears to be one of the most ingenious in its 
construction, and most perfect in its operation. The follow- 
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ing conBtructioii is Binillar to that of Mr. Cumming, but 
rendered rather less complex for the purpose of shortening 
the description. 

Let ABC, fig. 524, represent a portion of the swing-wheel, of which O 
is the centre, and A one of the teeth, and Z the centre of the crutch, the 
pallets, and pendulum. The crutch is represented of the form of the letter 
A, having in the circular cross-piece a slit / k, which is also circular, Z being 
the centre. The arm Z F form^ the first detent, and the tooth A is repre- 
sented as looked on it at F. D is the first pallet on the end of the arm Z d. 
movable lound the same centre with the detents, but independent of them, 
Tlie arm, d e, to which the pallet D is attached, lies wholly behind the arm Z F 
of the detent, being fixed to a round piece of brass, effc, luiving pivots 
turning concentric with the axis of the pendulum. To the same piece of 
brass is fixed the horizontal ann c II, carrying at its extremity the ball 11, 
of such size that the action of tlie tooth A on the pallet D is just able to 
raise it u]) to the position represented. Z P /> represents the fork, or pen- 
dulum-roil, behind both detent and pallet. A pin p projects forward, 
coming through the slit t ib, without touching either margin of it. Attached 
to the fb7ir k the arm m ft, of such length that, when the peudulutn-rod is 
perpendicular, the angular distance of n q from the rod e q II is just equal 
to the angular distance of the left side of the pin p from the left end i of the 
slit i k. 

Now the natural position of the pallet D is at 8, represented by the dotted 
lines, resting on the back of the detent F. It is naturally brought into this 
position by its own weight, and still more by the weight of the ball H. 
^ic pallet D, being set on the fureside of the arm at Z, comes into the same 
plane with the detent F and the swing-wheel, though represented in the 
figure in a different position. The tooth C of the wheel is supposed to have 
escaped from the second pallet, on which the tooth A immediately seizes 
the pallet D, situated at 8, forces it out, and then rests on the detent F, the 
pallet D leaning on the tip of the tooth. After the escape of C, the pen- 
dulum, moving down the arch of semi-vibralion, is repriscnted as having 
attained the veitical positjon. Proceeding still to the left, the pin p reaches 
the extremity i of the slit ? A ; and, at the same instant, tlie arm n touches 
the rod c ll in q. The pendulum proceeding a hairVbreadth further, with- 
draws the detent F from the tootn, which now pushes ofi* the detent, by 
acting on the inclining face of it. 

Tlie wheel being now unlocked, the tooth, following C on the other side, 
acts on its pallet, pushes it off, and rests on its detent, which has been 
rapidly brought into a proper position by tlie action of A on the inclined 
face of F. By a similar action of C on its detent at the moment of escitp^, 
F was brought into a position proper for the wheels being locked by the 
tooth A. As the pendulum still goes on, the ball II, and pallet connected 
with it, are carried by the arm m n, and before the pin p again reaches the 
end of the slit, which had been suddenly withdrawn by the action of A^on 
F, the pendulum comes to rest. It now returns towams the right, loaded 
with the ball II on the left, and thus the motion lost during the last vibration 
is restored. When the pin p, by its motion to the right, reaches the end k 
of I A, the wheel on the right side is unlocked, and at the same instant the 
weight II, being raised from the pendulum by the action of a tooth like B 
on the pallet D, ceases to act. 

In this ’scapement, both pallets and detents are detached 
from the pendulum^ except in the moment of unlocking the 
wheel, so that, excepting during this short interval, the pen 
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dulum may be said to be free during its whole vibration^ and 
of course its motion must be more equable and undisturbed. 

The constructing of a proper ’scapement for watches 
requires peculiar delicacy, owing to the small size of the 
machine, from which the error of Ti of an inch has as inuch^ 
effect as the error of a whole inch in a common clock.* 
From the iiecessary lightness of the balance too, it is ex- 
tremely difficult to accumulate a sufficient <|iiantity of regu- 
lating power. This can only be done by giving the balance 
a great velocity, which is effected by concentrating as much 
as possible of its weight in the rim, and making its vibrations 
very wide. The balance-rim of a tolerable watch should 
pass through at least ten inches in every second. 

In considering the most proper ^scapements for watches, 
wc may assume the following principle ; viz. : that the oscil- 
lations of a balance urged by its spring, and undisturbed by 
extraneous forces, are isochronous. 

In ordinary pocket-watches, the common recoiling *scape- 
ment of clocks is still employed, and answers the common 
purposes of a watch tolerably well, so that, if properly exe- 
cuted, a good ordinary watch will keep time within a minute 
in the day. These watches, however, are subject to great 
variation in their rate of going, from any change in the powa 
of the wheels. 

The following is considered as the best consti notion of the common wator 
'scapement, and is lepresented by hg. 525, as it appears when looking straiglu 
down on the endltof tne balance arbor. C marks the centre of the balance 
and verge ; C A represents the upper pallet, or that next the balance, and 
C B the lower pallet; F and*D are two teeth of the crown>\>heel, moving 
from left to right ; £ G are two teeth in the lower part, moving from right 
to left. The tooth D appears as having just escaped from the point of C A, 
and the tooth £ as having just come in contact with C B. In practice, the 
^scapement should not be quite so close, as, by a small inequality of the teeth, 
D might be kept from escaping at all. In the best proportioned watches, the 
distance between die front of the teeth, that is, of G F £ D, and the axis C of 
the balance, is i of FA, the distance between the points of the teeth. Ihe 
length C A, C B, of the pallets is } of the same degrees, and the front D H, 
or F K of the teeth makes an angle of 25^ with the axis of the crown-wheel. 
The sloping side of the tooth must be of an epicycloidal form, suited to the 
relative motion of the tooth and pallet. 

It appears from these proportions, that by the action of the tooth D, 
the pallet A can throw out till it reach a, 120^ from € L, the line of the 
crown-wheel axis. To this if we add BC A ■■ 950 , shall have L C a sl20o 
Again, B will throw out as far on the other side. Now, if from 240o, the 
sum of the extent of vibration of both pallets, we take 95^, the angle of the 
pallets, the remainder 145o will express the greatest vibration which the 
Dalance can make without stnking the ftonT of the teeth. From several 
causes, however, this measure is too great, and 120o is reckoned a sufficient 
vibration in the best ordinary *scapement. EncyclopuBdia BriUtnnica. 
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In 1812, Mr. Prior, jun. was- rewarded by the Society of 
Arts for the construction of a remontoire escape which pos- 
sesses considerable merit. 

The advantage of this escapement is such as will give an 
exact and equal impulsetolhependulum without any friction, 
and which cannot be at all affected by any irregularities or 
variations arising by the clogging of oil and increasing of 
friction from the train, except during the very small part of 
the vibration that the pendulum is removing the spring detents 
from off the points of the teeth of the escape-wheel, the effect 
of which can never be discovered in the rate by any variation 
the oil on the pivots and the increase of friction can ever 
produce, as long as the wheels will be able to wind up the 
renovating spring, which will be nearly as long as they can 
move at all, as the renovating spring has not either to be 
wound up quick, or to be pushed beyond any catch or spring to 
keep it ill its proper situation, nor can thereover be any increase 
of friction in winding up the renovating spring, as it is' formed 
in nearly as right a line as possible ; consequently must go 
almost endlessly without cleaning, and will never require any 
oil. 

The swing-wheel A, figs. 526 and 527*, has thirty teeth cut in its peri- 
phery, and IS constantly urged forward by the maintaining power, which is 
supplied by a small weight X, figs. 527 and 527*; CD are two spnng 
detents catching the teeth of the wheel alternately, these are, at the proper 
intervals, unlocked by the parts marked 2 and 3, fig. the pen- 
dulum Tod H, intercepting small pins a 5, fig. 527, from the 

detents, as it vibrates towards the one or the other ; K isffUmnovating or 
remontoire spring, fixed to the same stud 1', as the detents ; ii is wound up 
by the liighest tooth of the wheel, as seen in fig. 526, (its position when un- 
wound being shown by the dotted line.) This being a case, suppose a tooth 
of the wheel Is caught by the detent D, which prevents the w^heel from 
moving any further, and keeps the renovating spring from escaping off the 
point of the tooth ; in this position, the pendulum is quite detaclicd from 
the wheel ; now, if the pendulum be caused to vibrate towards G, the part 
of it marked 2 comes against the pin 5, fig. 527, projecting from the lenovat- 
ing spring E, and pushes this spring from the point oi the wheel's tooth ; 
on viorating a little further, it removes the detent D, which detained the 
wheel, by the part 3 striking the pin a, fig. 2, which projects fjx)m the detent ; 
the inaintaininj^ power of the clock causes the wheel, thus unlocked, to ad- 
vance, until detained by a tooth lesting upon the end of the detent C, on 
the opposite side; by this means the renovating spiing will be clear of the 
tooth of the wheel as it returns with the pendulum, and gives it an impulse, 
by its pin b pressing against tlie part 2 of the pendulum, until the spring 
coAies to the position shown by the dotted line, in which position it is un- 
wound, and rests against a pin fixed in the cioss'bar of the plate ; the pen- 
dulum continues vibrating towards I, nearly to the extent of its vibration, 
when the part 1 meets the pin in the detenl C, and removes it from the 
wheel, and unlocks it; the maintaining power now carries it forward, 
pushing the renovating spring E before it, until another tooth is canght by 
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the detent D, which detains the wheel in t|ic position first descnbed, the 
renovating spring being wound up 'ready to give another impulse to the 
pendulum 

Tht pin bf fig 527, is not fixed to the renoi ating spnng itself, but is part of 
a piece of bras:», whicli ist screwed fast to the renovating spring, and is made 
very slender near the screw which fastens it, this permits the renovating spring 
to give w ay, if, by the weight being taken off the clock, or any oSier ac- 
cident, the escape-wheel should be wound backwards, so as to catch on the 
detents improperly 

In this e&>capement it is necessary to attend to tlie following 
obberuations : 

Ibt. That the renovating and detent springs must spring 
from one centr^ and as biinilarly as possible. # 

2dly. 1 hat tne force applied to the train must be so mucih 
more than what will wind up the renovating spring, as will 
oiticome the influence of oil and friction on the pivots of the 
machine. 

Sdly. That the renovating spring, when unwound, must rest 
against the point of the tooth of the wheel, which will be an 
advantage, as it thereby takes as much force off the tooth of 
the wheel resting against the detent spring as is equal to the 
pressure of the renovating spring C, against the face of the 
tooth of the wheel. 

4thly. The detent springs must be made as slender and 
light as possible, though whatever force they take from the 
pendulum by their elasticity in removing them to unlock the 
wheel, so force they return to the pendulum iu follow- 
ing it, to it removed them from, therefore action and 

reaction i;twPro%quaI in contrary directions. 

5thly. l*hat it is necessary for the pendulum to remove the 
detents or renovating springs, much further than it is neccs- 
bdry to free the teeth of the wheel, as it will always \ibrate 
on the same arc ; in table clocks it ought to remove them 
further, so that it can go when not placed exactly level, or 
what is generally termed out of the beat. 

The following description of a clock escapement, contrived 
by Mr. Reid, about twelve or fifteen years ago, is extracted 
from the Edinburgh Encyclopaedia : 

Tig 528 S W IS the swing- wheel, whose diameter may b«i so lai^e as to 
be sufficiently free of the arbor of the wheel that runs into its pinion, which 
in eight-day clocks is the third The teeth of this swing-wheel are <iit thus 
deep, m Older that the wheel may be as light as possible, and the stretogth of 
the teeth little more than what is necessary to resist the action or force of a 
common clock weight through the wheels. Tliey are what may called 
the locking-teeth, as will be more readily seen from the use of them afier* 
wards to be explained. Those called the impulse-teeth, consist of very 
small tempered steel pins, insetted on the surface of the nm of tlie wheel on 
one side only They are nearly two-tenths of an inch in height; and Ihi 
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smaller they are so much more room will be given for the thickness of the 
pallets. If they have s^ngth to support about 80 or loo grains, they 
will be strong enough, lliere is no rule required for placing them relatively 
to the locking-teeth, only they may as well be opposite to these teeth 
as any where else. P P are the pallets whose centre ot motion is the same 
as that at the verge at a. These pallets are formed so as to have the arihs 
sufficiently strong, and at the same time as light as may be. Th.at part 
where the arms meet at the angle at a, has a steel socket made out of the 
same piece as the arms, being forged together in this manner. The socket 
is maae to fit well on the verge, on which it is only twisted fast, and is 
turned pretty small on the outside, in order to allow the arbors of the detents to 
be laid as close to the verge as may be, so that their centres of motion may 
coincide as neMM as possible. A perfect coincidence of the centres might 
be obtained bv using a hollow cylinder for the verge, with the detent-arbors 
running inside of it, but this would have occasioned mor'e trouble. That 
part of the pallet frame, as it may be called, in which is set the stone for 
receiving the action or impulse of the small pin teeth, is formed into a rect- 
angular Shape, so as to allow room for a dove-tail groove, into which the 
stone pallets are fixed, as may be seen at P P, fig. 528, and P, fig. 529, 
which also gives a side view of the verge at a, and where the socket of the 
pallets is seen as fixed on the verge. At B, fig. 529, is seen the outer end 
of one of the stone pallets made fiush with the steel. That part of tlie stone 
pallets upon which the pin teeth act, may be seen in fig. 528, where they 
are represented in their respective positions relative to the pin teeth. Their 
shape or form is exactly that which gives the dej^d beat. In fig. 528 are 
seen the detents d d, whose centre of motion is at e e. They are fixed on 
their arbors by a thin steel socket, made as forged with the detents, much 
in the same way as the pallets were, as may be seen at c, fig. 530, which 
gives a si<le view of one of the detents and its arbor. The screws e e,//, in 
the arms of the detents, have a place made to receive them, which is more 
readily seen in fig. 530, than in fig 528. The screws e e serve for the pur- 
pose of adjusting that part of the ’scapement connected with the pallets 
pushing the detents out from locking the wheel, by means of locking the 
teeth. Tlie ends of tJie sciews e e, on the unlocking, are met ^ the ends of 
the stone pallets, one of which is represented at 5, fig. 529. The screws ff 
seem to adjust the locking of the wheel-teeth on the detents ; g g are brass 
rectangular pieces, or studs, which are fixed to the inside of the pillar frame 
plate, and may be near an inch high. The ends of the screws ff rest on 
the side of these studs, and according as they are more or less screwed 
through at the ends of the detents, so much less or more hold will the de- 
tent piece liave of the teeth. These holding pieces of the detents are not 
represented in the drawing, as they would ha.ve made other parts of it rather 
obscure. They are made of stone, and are fitted* in by means of a dove- 
tail cut in a piece left for that purpose, on the inside of the detent-arms, as 
may easily be conceived from tne drawing, where it is represented in part at 
e, fig. 530 ; and is m the line across the arm with the screw e, which is 
close by the edge of the detent stone piece, which projects a little beyond 
the end of the screw. Having described the parts of the 'scapement, we 
shall now explain their mode of action. On the left-ha. id side the pin tooth 
is represented as having just escaped its pallet, as seen in fig. 528 ; but 
previous to its having got on to the flanch of this pallet, let us conceive that the 
rack of the pallet, or end piece b of it, had come, in consequence of the 
motion of the pendulum, to that side, and opposing the screw e, which is 
in the detent arm, pushes or carries it on with it, and consequently unlocks 
the tooth of the wheel, which then endeavours to get forward, but the pin 
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tooth at tbit iiittant of unlocking, meeting with the flanch of the pallet at the 
lower edge inside, and pushing forward on the flanch, by this means im- 
pels the pendulum, and after having escaped the pallet, the next locking 
tooth is received b v the detent, on the right-hand side, where the wheel is now 
again locked. In the mean time, while the pendulum is describing that part of 
its vibration towards the left hand free-and detached, as the pallets are now at 
liberty to move freely and independently of the small pin teeth, on the return 
of the pendulum to the right-hand side, the detent, by means of the pallet on 
that side, is pushed out from locking the wheel, and .it the instant of unlock- 
ing, the wheel gets forward, and the pin tooth is at the same instant ready 
to get on the flanch of its pallet, and gives new impulse to the pendulum, as 
is obvious by what is represented in the drawing, fig. 528. After the pin 
tooth has escaped the pallet, the wheel is again locked onjhe opposite or 
left-hand side ; the pendulum moves on to the right freely ana independently 
till the next locking on the left takes place, and so on. It may be observed, 
that the unlocking takes place when tne pendulum is near the lowest point, 
or point of rest, and of course where its force is nearly a maximum. 

Without attaching any thing to the merits of this 'scape- 
ment^ we- may remark that the clock was observed from time 
to time by a very good transit instrument, and, during a 
period of eighty-three days, it kept within the second, with- 
out any interim apparent deviation. This degree of time- 
keeping seemed to be^ as much a matter of accident as other- 
wise ; and cannot reasonably be expected^ from this or any 
other clock as a fixed or settled rate. 

This ’scapement being a detached or free ’scapement, can at 
pleasure be converted into a recoiling or dead beat one, without 
so much as once disturbing or stopping the pendulum a 
single vibration. To make dead beat of it, put in a peg of 
wood, or small wire, to each, so as to raise the detents free of 
the pallets ; and these being left so as to keep them in the 
position, the pin-teeth will now fall on tiie circular parts of 
the pallets, and so on to the fianch, and the 'scapement is 
then, to all intents and purposes, a dead beat one. To make 
a recoiling one of it, let there be fixed to each arbor of the 
detents, a wire to project horizontally from them about 3i or 
4 inches long; the outer ends of the wires must be tapped 
about half an inch in length ; provide two small brass balls, 
half an ounce w^eiglit each, having a hole through them, and 
tapped so as to screw on the wires ; the bails can be put 
more or less home, and be adjusted proportionably to the 
force of the clock on the pendulum. No recoil will be seen on 
the seconds* hand; yet these will alternately oppose and 
assist the motion of the pendulum, as much as any recoiling 
pallets can possibly do ; and as their efforts on the pendulum 
wilt be exactly the same, it may be considered as a good 
recoiling ’scapement. This sort of detached ’scapemeni, by 
becoming a dead beat, or a recoiling one, at any time wfatu 
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rMuired, nukes it convenient for making variouB experiments 
with the different ’scapements. 

Another ’scapement^ in which a considerable degree of 
ingenuity is united with comparative simplicity, is that of 
Mr. De.Lafons. The inveiitor^s description, and some his 
observations, as presented to the Society of Arts, an as 
follows : 

<< Although the giving of an equal impulse to the balance has been 
already most ingeniously done by Mr. Mudge atid Mr. llaley, (from vihose 
great merit I would not wish to detract,) yet the extreme difficulty and 
expense atten^ng the first, and the very compound locking of the second, 
render them fair from completing the desired object, 

** The perfections and advantages arising from my improvements on the 
remontoire detached ’scapement for chronometers, whicn gives a perfectly 
equal impulse to the balance, and not only entirely removes whatever 
irregularities arise from the different states of fluidity in the oil, from the 
train of wheels, or from the mainspring, but does it in a simpler way than 
any with which 1 am acquainted. 1 trust it will not be thought improper 
in me to answer some objections made at the examinations before the 
committee, as 1 am fully persuaded the more mathematically and critically 
the improvements are investigated, the more i^rfect they will prove tp be. 

** It was first observed, that niy method aid not so completely detach 
the train of wheels from the balance as another 'ecapement then referred 
to. 1 beg leave to remark, that the train of wheels in mine is prevented 
from pressing against the locking 1^ the whole power of the remontoire* 
spring ; so that the balance has only to remove the small remaining pressure, 
which does away that objection, and also that of the dbadvantage of 
detents, as this locking may be compared^ to a light balance turning on 
fine pivots, without a pendulum-spring; and has only the advantage of 
banking safe at two turns of the balance, and of being firmer, and less 
liable to be out of repair, than anv locking where spring-work is used, but 
likewise of unlocking with much less power. It was then observed, it 
required more power to make it go than usual. Permit me to say, it 
requires no more power than any other remontoire-’scapement, as the 
power is applied in the most mechanical manner possible. And, lastly, it 
was said, that it set or required the balance to vibrate an unusually large 
arch before the piece would go. This depends on the accuracy of me 
execution, the proportionate diameter and weight of the balance, the 
strength of the rcmontoire-spring, and the length of the pallets. If these 
circumstances are well attended to, it will set but (itUe more than the most 
generally detached ’scapements.*' 

A shows the scape-wheel, fig. 534. 

B, the lever-pallet, or an arbor with fine pivots, having at the lower 
end, 

C, the remontoire or spiral spring fixed with a collar and stud,, as 

pendulum-springs are. . ' i. v 

D, the psulet of the verge, Iviving a roller turning in small pivots for the 

lever-pallet to act against. , 

B, pallets to discharge the locking, with a roller between, as in fig. 535. 

F, me arm of the locking-pallet continued at the other end to make it 
poise, having studs and screws to adjust and bank the quantity of motion. 

a and 5, the locking^^pallets, being portions of circles, fastened on an 
arbor turning on fine p;voU, 
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O, the triple fork, et the er4d of the arm of the locking^pallets. 

The centre qf the lever-pallet in the draft, is in a right line b^ween 
' the centre of the scape-wheel and the centre of the verge, though in the 
model it is not : but may be so or not, as best suits the calliper, &c. 

“ The scape-wheel A, with the tooth 1, is acting on the lever-pallet B, 
and has wound up the spring C; the verge pallet D (turning the, way 
represented by the arrow) tlie moment it comes within the reach of the 
lever-pallet, the discharging pallet E, taking hold of one prong of the fork, 
lenioves the arm F, and relieves the tooth 3 from the convex part of the 
lock a. The wheel goes forward a little, just sufficient to permit the lever- 
pallet to pass, while the other end gives the impulse to the balance : the 
tooth 4 or the wheel is then locked on the concave side of the lock b, 
and the lever-pallet is stopped against the tooth 5, as in fig. 536. So 
far the operation of giving the impulse, in order again to wind the 
remontoire-spring, (the other pallet at E, in the return, removing the arm F 
the contrary direction,) relieves the tooth 3 from the lock b, Ibe wheel 
again goes ‘forward, almost the whole space, from tooth to tooth, winds the 
spiral spring again,' and comes into the situation of fig. 534, and thus the 
whole performance is completed. Tlie end of the lower pallet B resting on 
the point of the tooth 1, prevents the wheel exerting' its full force on the 
lock a, as in fig. 534. The sjtme effect is produced by the pallet lying on 
the tooth 5, by preventing the wheel from pressing on b ; and tiius the ^ 
Jockin^ becomes the tightest possible. This ’escapement may be, much 
simplified by putting a spring with a pallet made in it, as in fig. 534, 
instead of the lever-pallet and spiral spring. The operation will be in 
other respects exactly the same, avoiding the friction of the pivots of the 
lever-pallet. This method I prefer for a piece to be in a state of rest, as a 
clock, but the disadvantage, from the weight of the spring in different 
positions, is obvious. The locking may be on any two teeth of the wheel, 
as may be found most convenient.” 

PENDULUMS. 

Thb pendulum is a simple ponderous body, so suspended, 
that it may swing backwards and forwards, about some fixed 
point, by the mere force of gravity. 

These alternate ascents and descents of the pendulum are 
called ii% oscillations, ovvihrations; each oscillation being 
the arc which the pendulum describes from the highest point 
on one side to the highest point on the other side. The point 
round which the p.endulum moves, or vibrates, is called the 
axis of suspension, or centre of motion ; and a right line drawn 
thrpugh the centre of motion, parallel to the horizon, and per- 
pendicular to the plane in which the pendulum moves, is called 
the nxixt af osdllation. There is ^ certain point within 
every pendulum, into which, if all the matter that coinpo^s 
the pendulum were collected, or condensed^ as into a point, 
the times in which the vibrations would be performed would 
mt be altered by such condensation i and this point is called 
the centre of oscillation. The length ^pf the pendulum is 
aliDirays estimated by the distance of this point below, the 
centi^ of motion, being usually near the bottom of the pen* 
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dulum; but in a slender cylinder^ or any other uniform prism 
or rod suspended at the top, it is at the distance ^ one-tUid 
from the bottom, or two-thirds below the centre of motion. 

'fheiength of a pendulum, so measured to its centre of 
oscillation that it will perform each vibration in a second of 
time, thence called the seconds* pendulum, has, in the latitude 
of London, been generally taken at 39^. or 39^ inches; 
but by some very ingenious and accurate experiments, the 
late celebrated Mr. George Graham found the true length to 
be 39VoVTr inches, or 394- inches very nearly. 

The length of the pendulum vibrating seconds at Paris 
was found by Varin, Des Hays, De Glps, and Godin, to be 
440f lines; by Picard, 44(^ lines; and by Mairan, 440iri lines. 

As all woods and metals are more or less affected by changes 
of temperature, many ingenious contrivances have been re- 
sorted to, to counteract the effects of heat and cold, in length- 
ening or shortening a pendulum-rod. . 

The first person who observed that, by change of tempera- 
ture, metals changed their length, was Godfroi Wendelinua ; 
and he who first endeavoured to take advantage of this know- 
ledge, to counteract the effects of heat and cold upon a pen- 
dulum, was Graham, who, in the year 171d> suggested that 
a combination of rods or wires of different metals would have 
a tendency to that effect ; but being of opinion that this would 
not be quite adequate to the desired purpose, he did never^ 
we believe, put it in execution. Still continuing his observa- 
tions, be, a short time afterwards, conceived that mercury, 
from , its great expansion by heat, was more adapted to the 
end he was pursuing, and accordingly we find, that, by the 
9th of June, 1732, he had constructed a clock which had a 
pendulum upon this principle, and which he kept continually 
going, without having either the pendulum or the hands 
^tered, for the space, of three years and four moiiths, during 
which he found &e errors of his were, but about one-eighth 
part of those of one of the best sort of qommon clocks, with 
which he had compared it. This pendulum, which is called 
the mercurial pmdtiiumf COnfdsts of a rod of brass, branched 
towards the lower end, so as to embrace a cylindric glass jar 
13 or 14 inches long, and about two inches diameter ; which, 
being filled about 12 inches deep with mercury, forms the 
wei^^ .op ball of the pendulum. In adjusting this pendulum, 
if the expansion of me rod be too great* for that of the mer- 
cUfy, "ttsere mercury must .be poured into the vessel; but if 
the expansion the mercury exceed that of the rod, so as 
to.ocseasion the clodc togofast with heat, some of the mercury 

i' 
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must be taken out^ to shorten the column. This penduluniy 
though troublesome to construct, because any filling in of 
taking out of the mercury from the cylinder or glass Jar, to 
bring about the compensation, will cause a change of place 
in the index-point on the graduated arch or index-plate, if 
such a thing be used, is, notwithstanding some defect may 
arise from the expansion of the mercury commencing sooner 
than that of the rod, of much practical excellence. The mer- 
curial pendulum has been much improved by Reid ; foi an 
account of which we must refer our readers to the article 
** Horology,’* written by this gentleman, and inserted in the 
Edinburgh EncycUtptBdia. 

Mr. Harrison, of whom we have already spoken under the 
article Chronometers, some time previous to 1726, constructed 
a pendulum in which the compensation was effected by the 
opposite contraction of different metals. This pendulum, 
called the gridiron’-pendnltim^ from, we suppose, its bearing 
a near resemblance to the culinary implement of that name, 
was made of five steel and four brass rods, placed in alternate 
order, the middle rod, by which the pendulum-ball is sus- 
pended, being of steel. These rods are so connected with 
each other at their ends, that while the expansion of the steel 
rods has a tendency to lengthen the pendulum, the expansion 
of the brass rods, acting upwards, tends to shorten it, so that 
by the combined effect the pendulum is invariably preserved 
of the same length. This is a very ingenious and simple 
contrivance, and the only objections we have heard urged 
against this mode of compensation are, 1st. the difficulty of 
exactly adjusting the length of the rods ; 2dly. of propor- 
tioning their thickness, so that they shall all begin to con- 
tract or expand at the same instant ; Sdly. the connecting 
bars of a pendulum thus constructed are apt to move by starts ; 
4thly. this kind of pendulum is more exposed to the air’s 
resistance than a simple pendulum. 

Other modes of constructing pendulums on the principle of 
the opposite contraction of metals have been contrived by 
other ingenious artists, among whom we may notice JSllicott, 
Gumming, Troughton, Reid, and Ward. 

Ill Ellicott’a pendulum life ball was adjustable by levers, 
ihence called the lever^pendulumy which can never oe equal 
lo those in which the expansion and contraction act by con- 
tact in the direct line of the pendulum-rod ; the construction 
nevertheless evinced great ingenuity. The rod of this pen- 
duhUn was composed of two bars, one of brass, and the other 
of rkeeL It had two levers, each sustainirq^ its half of the 
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ball or weighty with a spring under the lower part of the ball 
to relieve the levers from a considerable part of its weight, 
and so to render their motion more smooth and easy, lliese 
levers were placed within the ball, and each had an adjusting 
screw to lengthen or shorten the lever, so as to render tlm 
a4iustment the more perfect. See the Philos. Transact. 
voL xlvii. p. 479 ; where Mr. Ellicott*s methods of construc- 
tion are described and illustrated by figures. 

This pendulum w*as muoli improved by Gumming, who 
conceived that where there were two bars only, a flexure and 
unequal bearing would take place, and consequently an exact 
compensation could not be effected. To remedy this, he 
CQUStructed a. pendulum of one flat bar of brass, and two bars 
of stceh and used three levers within the ball of the pendulum, 
whereas Mr. Ellicott used only two. Among many other 
ingenious contrivances for the more accurate adjusting of this 
pendulum to mean time, it is provided with a small bull and 
screw below the principal ball or w'eight, one entire revolu- 
tion of which on its screw will only alter tiie rate of the 
clock’s going one seoond per day ; and its circumference is 
divided into 30, one of which divisions will therefore alter its 
rate of going one second in a month. 

Troughtoirs tubular-pendulum^ which acts on the prin- 
ciple of the gridiron-pendulum, is a very neat and ingenious 
contrivance. It is constructed of an exterior tube of brass, 
reaching from the bob nearly to the top, within which is 
another tube, and five brass wir^ in its belly, so disposed as 
to produce altogether, (like Harrison's gridiron-pen(|ulum,) 
three expansions of steel downwards, and two of brass up- 
wards, whose lengths being inversely proportioned to their 
dilatation, when properly combined, destroy the whole effect 
that either metal would have. singly. The small visible part 
of the rod, near the top, is a brass tube, whose use is to cover 
the upper end of the middle wire, which is single, and other- 
wise unsupported. Drawings of this pendulum may be seen 
in Nichol^ns Journal^ No. 36, N.S. 

Reid’s pendulum is composed of a zinc tube, and three long 
and one short steel rods, connected by means of traverses. 
Two of these long rods are inserted at one end in the ball of 
the pendulum, and terminate at the other in the upper tra- 
verse, which keeps them exactly parallel with respect to each 
other. At the lower ends of these rods, not far above the 
ball, is another traverse, in the middle of which the short 
steel rod is pinned, descending thence through the centre of 
this b^. Another traverse is placed a little above this, on 
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the centre of which the zinc tube feste^ extending ojnpards, 
and pressing against, or rather pressed by the upper traverse. 
The third or centre steel rod passes through a hole in the 
upper traverse, equidistant from each of the other two steel 
rods, thence down the zinc tube, and finally is pinned to the 
second traverse, or that traverse on which the zinc tube rests. 
By this means, the centre steel rod, when lengthened by heat, 
will make the lower end of the zinc tube descend with it ; 
but the same cause which lengthens the steel rod downwards 
will expand the zinc tube upwards, and this will carry up the 
two outside steel rods with which the ball of the pendulum is 
connected ; their expansion downwards, as well as that of 
the centre rod, is compensated by the upward expansion.of 
the zinc tube. In constructing a pendulum upon this prin- 
ciple, it would be proper to have a few holes in the tube, for 
the purpose of admitting air more freely to the centre rod. 

Ward’s pendulum consists of two flat bars of steel, and one 
of zinc, connected together by three screws. The description 
wliich has been given of it in the Transactions of the Society 
of Arts, &c. for the yeir 1807, and the pamphlet which 
Mr. Ward published at Blandford in 1808, contain sufficient 
details to enable any common clock-maker to copy it. 

Before we conclude this article, we shall briefly notice the 
sympathy or mutual action of the pendulums of clocks. 

It is now nearly a century since it was ktmwn that when 
two clocks are set agoing on the same shelf, they will disturb 
each other; that the pendulum of the one will stop that of 
the other ; and that the pendulum which was stopped will, 
after a while, resume its vibrations, and, in its turn, stop that 
of the other clock, as ms observed by the late Mr. John 
Ellicott. When two clocks are placed near one another, in 
cases very slightly fixed, or when they stand on the thin 
boards of a floor, it jiRs been long known that they will affect 
a little the motions of each other's pendulum. Mr. Ellicott 
observed, that two clocks resting against the same rail, which 
agreed to a second for several days, varied V in twenty- 
four hours when separated. The slower having a longer 
pendulmn, set the other in motion in 16v minutes, and 
stopped itself In minutes. . . 
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BUILDING. 


Under this general term, which implies the construction 
of an edifice according to the rules laid down by the difi'er* 
ent artificers employed, we purpose to treat of the respect- 
ive business- of the Mason, Bricklayer, Carpenter, Joiner, 
I^aslerer, Plumber, Painter, and Glazier; previous to which 
it will be necessary to consider the sinking of the foundation, 
thp due mixture of the 'ugredleuts which compose the 
mortar, and the art of making bricks ; upon the whole of 
which materially depends stability of an edifice. 

As firmness of foundation is ‘^dispensable, wherever 
. it is intended to erect a building, tne earth must be pierced 
by an iron bar, or struck with a rammer, and if found. to 
snake, must be bored with a well-sinker’s implement, in 
order to ascertain whether the shake be local or general. 
If the soil is in general good, the loose and soft parts, if 
not very deep, must be excavated until the labourers arrive 
at a solid bed capable of sustaining the pier or piers to be 
built._ If hot very loose, it may be made good by ramming 
into it very lai||;e stones, packed close together, and of a 
breadth proportionate to the intended weight of the build- 
ing ; but where very bad, it must be piled and planked. 

In plMes wheid ue soil is loose to any great depth, and 
over which it is' intended, to place apertures, such as doors, 
windows, &c. .While tbe^parts on ‘which the piers are to 
stand are firm,, thjs best plan is to turn an inverted arch un- 
der each ihtended'apertui^> as then the piers in sinking will 
cariy with them the inverted arch, and by compressii^ tbe- 
grOund ^.th^l it. to act agidhst the under sides'of the arch, 
which, if dmsely ‘jointed, so fiur firom yielding, will, "With 
.the abutting piers, cerate as one solid body ; but, on the 
contrary, if this mq^dient of tlie inverted arch ' is not 
adopted, the part of the wall under the aiiertnre, being of 
less height, and consequently of less weight than the piers, 
^11 give way to the resistance of the soil acting on its base, 
and not dnly injure the brick- work between the apertures, 
bat" firactnre the window-heads and cills. 

2w 
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In constructing so essential a part as the arch, ‘ great at- 
tention must be paid to its curvature, and we strongly re- 
commend the parabolic curve to be^ adopted, as the most 
effectual for the purpose ; but if, in coril^equence of its 
depth, this cannot conveniently be introduced, the arch 
should never be made less than a semi-circle. The bed of ^ 
the piers should be as uniform as possible, for, though the 
bottom of the trench be very firm, it will in some degree 
yield to the great weight that is upon it, and if the soil be 
softer in one part than in another, that part which is the 
softest, of course will yield more to the pressure, and cause 
a fracture. 

If the solid parts of the trench happen to be under the in- 
tended apertures, and the softer parts where piers are want- 
ed, the reverse of the above practice must oe resorted to ; 
that is, the piers must be^uiif on the firm parts, and have 
an arch that is not inverted between them. In performing 
this, attention .must be paid to ascertain whether the pier 
will cover the arch ; for if the middle of the pier rest over 
the middle of the summit of the arch, the narrower thev 
pier is, the greater should be the curvature of the arch at 
its apex. When suspended arches arc used, the intrados 
•ught to be kept clear of the ground, that the arch may 
have its due efiect. 

\Vhcn the ground is in such a state as to require the foun- 
dation merely to be rammed, the stones are haoimcr* dress- 
ed, so as to be as little taper as possible, then laid of a 
breadth proportioned to the weight that is to be rested upon 
them, and afterwards well rammed together. In general, 
the lower bgd of steqes may be allowed to project about a 
foot from the face of the wall on each side, and on this bed 
another course may be laid to bring the bed of stones on a 
level with the top of the trench. The breadth of this 
upper bed of stones should be four inches less than the lower 
one ; that is, projecting about eight inches on either side 
of the wall. In all kinds of walling, each joint of every 
course must fall as nearly as possible hi the centre, be* 
tween two joints of the course immedifitcly below it ; for 
ill all the various methods of laying atones or bricks, the 
principal aim is to procure the greatest lap on each other. 

* MORTAR. 

f ■ I ' 4 

la nMkiiii' Doovtiur, ^artiealar altentiei^; be p«i<i 
to the quality of the mutiy east if H floatotO Miy 
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ikm ot dqr or mud, or i« brought from the sea->fhore and 
ooDtaiiis saline particles, it must be washed in a stream 
of clear water till it be' divested of its impurities. I'he 
necessity of the first has been clearly proved by Mr. Smeaton, 
.who, in the course of a long, and meritorious attention to 
his profession of an e^agineer, has found, that when mortar, 
thoi^* otherwise of the best quality, is mixed with a small 
proportion of uuburnt clay, it never acquires that hardness 
which, without it, it would have attained ; and, wit}i respect 
to the second, it is evident, that so long as the sand contains 
saline particles it cannot become hai-d and dry. The sharper 
and coarser the sand is the better for the mortar, and the less 
tile quantity of lime to be used} and sand being the 
cheapest of the ingredients which compose the mortar, 
it is more profitable to the maker. The exact proportions 
of lime and sand are still undetermined t but in general no 
more lime is required than is just sufficient to surround 
the particles of the sand, or- sufficient to preserve the 
necessary, degree of plasticity. 

Mortar, in which sand’ forms the greater portion requires 
less water in its preparation, and consequently is sooner 
set. It is also harder and less liable to shrink indr>'ing, 
because the lime, while dryinpr, has a greater tendency to 
shrink than sand, which retains its original magnitude. 
The general proportions given by the London buildci’s is li 
cwt., or 3^ busWs, of lime to 24 loads of sand ; but jf 
proper measures be taken to procure the best burnt lime 
and the best sand, and in tempering the materials, a greater 
portion of sand may be used. There is scarcely any 
mortar that has the lime well calcined, and the com- 
position well beaten, but that will be found to require 
two parts of sand to one part of unslacked lime ; and it is 
worthy of observation, that the more the mortar is beaten 
the less proportion of lime suffices. . , . 

Many experiments have been made with a view to obtain 
the most useful proportibn of the ingredients, and among 
the rest Dr. Hig|pns has given the following ; — 

Lime newly slacked one part. 

Fine ymd three parts ; and 

Coarse sand four parts. 

Ha » lso found that one<-fourth of the lime of bone-ashes 
greatly improved the mortar, by giving it tenacity, and ren- 
deHi^ it liaUeto crack in me drying. , 

' la It bWt to a)aak-l^ lima la small quantities as required 

2 m2 
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for iise^ about a bushel at a time, in order to s^re to the 
mortar such of its qualities as would evapofate were it 
allowed to remain slacked for a lengtfarof time. But if the 
mortar be slacked for any considerable time previous to 
being used, it should be kept covered up, and whed ttranted 
be re-beaten. If care be taken to secure it from the action 
of the . atmosphere, it may thus remain covered up for a 
considerable period without its* strength being in the least 
affected; and, indeed, some advantages are gained^ for 
it sets sooner, is less liable to crack in the dryings and is 
harder when di'jr. 

Grout, which is a cement containing a larger proportion 
of water than the common mortar, is used to run into the 
narrow interstices and irregular courses of rubble-stohe 
walls ; and as it is required to concrete in the course of a ^ 
day, it is composed of mortar that has been a long time 
‘made and thoroughly beaten. 

Mortar, composed of -pure lime, sand, and water, 
may be employed in the linings of reservoirs and aque- 
ducts, provided a suf&cient time is allowed for it to dry 
before the water is let in ; but if a sufficient time is not 
allowed, and the water is admitted w^hile the mortar is wet, 
it will soon' fall to pieces. There ai*e, however, certain in- * 
gredients which may be put into the common mortar to 
make it set immediately under the water ; or, if the quick- 
lime composing the mortar contain in itself a certain por- 
tion of burnt clay, it will possess this properly. For further 
information on this head the reader is referred to the 
sub-head — Plastering. 

BRICKS. 

The earth best adapted for the manufacture of brick is of 
a clayey loam, neither containing too much argillaceous mat 
ter, which causes it to shrink in the drying, nor too much 
sand, which has a tendency to render the ware both heav} 
tmd brittle. It should be dug two or three years before it 
is wrought, that it may, by an exposure to the action of the 
atmosphere^ lose the extraneous matter of which it is pos- • 
sessedT when first drawn from its bed ; or, at least, should 
be allowed to remain one winter, that the frost may mellow 
and pulverize it sufficiently to facilitate the operation of 
tempering. As the quality of the brick is greatly dependent 
epon the tempering of the clay, great care should be takon 
to’^have this part of the process well done. Ibrmerlj^ the 
toanner of performing it consisted in throwir^ the day 'into 
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shajloifii pits, and subjecting it to the tread of men and 
oxen } but ttua method has of late been superseded by the 
day oc pug mill, wtkich is a very eligible, though simple 
machine. 

'i'iifi clay or png mill consists of a laige vertical cone, 
haviD|^ strong knivn with a spiral arrangement and inclina- 
tion nxed on .its internal surface. Passing through the 
centre, and terminating in% pivot at the bottom, is a strong 
perpendicular shaft with similar radiating knives, so that 
the knives by the revolution of the shaft, cut, separate, and 
purify the clay, till it be reduced to a homogeneous paste, 
which passes through an orifice, at the bottom into a receiver 
placed for that purpose. The clay is taken from the re- 
ceiver to the moulder’s bench, and is, either by a lad or a 
woman, cut into pieces somewhat larger than the mould, 
and p^sed on to the moulder, who works it into a mould, 
previously dipped in sand, and strikes off the superfluous 
parts with a flat smooth piece of wood. In this country the 
mould used is about ten inches in length, and five inches in 
breadth, and the bricks when burnt are about nine inches 
long, four and a half inches broad, and two and a half inches 
thick. The degree of shringing, however, is various, ac- 
• cording to the temper and purity of the clay, and the de- 
gree of heat attained in the burning. A handy moulder is 
calculated to mould from about 5000 to 7000 per day. From 
the moulder’s bench the bricks are carried to the hack, and 
arranged somewhat diagonally, one above the other, and two 
edgewise across, witl^a passage between the heads of each 
for the admission of air, till they be eight bricks in height. 
They are then left to diy. The time they take ere they re- 
requirc shifting depends entirely upon the weather, which 
when fine will be but a few days : they are then turned and 
re-iSet wider apart, and in six or eight days are ready for the 
clamp or kiln. 

Clamps, are generally used in the vicinity of London. 
They are made of the bricks to be burnt, and are commonly 
of an oblong form. The foundation is made either with the 
driest of the bricks just made, or with the commonest kind 
of bnck;, called place bricks. The bricks to be burnt are 
arranged tier upon tier as high as the clamp is intended to 
be, and a stratum of breeze or cinders to the depth of two 
or thipee inches is strewed .between each layer of bricks, and 
the whole ia. fincdly covered with a thick stratum of breeze. 
Afe the. west otMt of the elamp a perpendicular fire-place of 
feet in height is censtructed.apd flu^ are formed 
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by Urcbing the bricks over so to leave k space of kbeiit ' 
a brick io width. The flaes ran straigh^thrOiigh the clfttAp;- 
atid are filletl with a mixture of coals, wood, and brbez<V 
which are pressed closely together. If the bricks 'STe re- 
quired to be burnt off quickly, which can be accomplished 
in the space of from twenty to thirty days according to thb 
State of the weather, the flues must not exceed six feCt dis- 
tance apart ; but if there is no *iirg|nt demand, the flues 
need hot be nearer than nine feet, and the clamp may be 
allowed to burn slowly. 

Coke has been recommended as a more stutable fuel for 
bricks than either coal or wood, as the dimensions of the 
flues and the stratum of the fuel are not required to be so 
great, which, since the measurement of the clamp has bceh 
restricted to certain limits by the interference of the l^s- 
lature, is a point of some consideration ; besides, the heat 
arising from the coke is more uniform and more intense than 
what is produced by the other materials, so that the burn- 
ing of. the bricks is more likely to be perfect through- 
out. The saving which is thus produced may be calculated 
at about 32 per cent. 

Kilns are also in common use, and afe in many respects ^ 
preferable to the clamp, as less waste arises, less fuel is 
consumed, and the bricks are sooner burnt. A kiln will 
burn about 20,000 bricks at n time. The walls of a kiln are 
about a brick and a half thick, and incline inwards towards 
the top, so that the area of the upper part is not more than 
114 square feet. The bricks are 8et*on flat arOhes, with 
holes left between them, resembling lattice-work ; and, 
when the kiln is completed, are they coyered with pieces of 
broken bricks and tiles, and some wood is kindled and put 
in to dry them gradually. When suflicientty dried, which 
is known by the smoke changing from a dark to a light 
transparent colour, the mouths of the kiln are sfopped 
with pieces of brick, called $hinlog, piled one upon ano- 
ther, anq closed over with wet bri^-earth. The shfnlogs 
are carried so high as just .to leave room for one faggot to 
be thmst into the kiln at a time, and when the brush-wodd, 
fUrze^. heath, faggots, &c. are put in, the fire is kindled, 
and the burning of the kiln commences. The fire Is kept 
up till the arches assume a white abearance, t^nd the 
fwotes appear through the top of the kilo | upon'^ich the 
fii^ ^is aUowed to slacken, abd the kiln to cool by 'dH^ireeir. 

process of alternately' heating and slackinl; the is 
-wiinnued till the bricks ain thoroughly burnt, trhlch,' fn 
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gBDffttii !• in the s^^nce of forty-eight boors. - The praetioe 
of steeping bricks m water after they hare l^n bamed» 
and then burning them again, has the effect of considerably 
improving the quality^ 

&^ks are .of severtd kinds, the most usual of which arc 
marls, stockst and place bricks ; but there is little dif- 
ference in the mode of miumfscturing them, except that 
great care U taken in preparing and tempering the marls. 

The finest marls, called firsts, ore selected for the arches 
of doorways, &c. and are rubbed to their proper form and 
dimensions: and the next best, called seconds, for tfaU 
principal fronts. The colour, a light yellow, added to the 
smooth texture, and superior durability of the marls, give 
them the precedence of the other descriptions of brick. 

Grey stocks are somewhat like the seconds, but of infe- 
rior quality. 

Place bncks, sometimes called pickings, sandal, or samel 
bricks, are such as from being the outermost in the clamp 
or kilo, have not been thoroughly burned, and are, in con- 
sequence, soft, of Uneven texture, and of a red colouf. 

Tliere are also burrs or clinkers, arising from the bricks 
being too violently burned, and sometimes several bricks are 
’ found run together in the kiln. They derive their colour from 
the nature of the soil of which thew are composed, which, 
in general, is very pure. The best Kind are used as cutting 
bricks, and are called red robbers. In old buildings they 
are very frequently to be seen ground to a fine smooth sur- 
face, mid set in putty* instead of mortar, as ornaments over 
arches, windows, door-ways, &c. ; but though there are 
many beautiful specimens of red brick-woric, yet these 
bricks cannot be judiciously used for the front walls of build- 
ings. This objeetkm arises from the colour being too heavy, 
dhd from its conveying to the.mind, in the summer months, 
an unpleasant idea of neat : to which may be added, that as 
the fironts of the buildings have a greater or less proportion 
of stone and punted wood>w<^, the contrast in the colours 
/is altogether iqjudicipUs. . The coloua of grey stocks, 
oo .the contruy, assimilates so much with the stones ^ and 
paint, that they nave obtained, in and near London, univer- 
sal preferenoe. 

At the village of Hedgerley, near 'Windsor, red bricks 
ere mgde which will stand the greatest heat : they are callqd 
Witter bridoSt 

' hSed-ifor pavlclg) are g^rally about an inch and a 
half in breadth } and, beside titiese, there ate paving tiles. 
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w^hich are made of a stronger dlajr, and am of a fed o^om? 
The largest aye about twelve inches square^ and one inch 
ahd a half thick: the next^ though called ten-ineh tilea^ am 
about nine inches square^ and one inch and a qnarter thick* 

About the year 1795, a patent was bbtd:ned by Mr. Cart- 
wright, for an improved system of making bricks^ of 
whmh the following extract will furnish the reader witb 
dl necessary information. ^ 

Tmarine a eoiiimen brick, with a groors or rabate on each side down 
the middle, rather more than half the width of the side of the tWick ; a 
shoulder will thus be left on either side of the groove, eadi of which. wU) 
be nearly equal to one quarter of the width of the side of the brick, or to 
one half of the groove or rebate. A course of these bricks being laid 
shoulder to shoulder, they will form an indented line Of nearty equal 
divisions, the gfooves or rebates being somewhat wider than the ad- 
joining shoulders, to allow for the mortar or cement. When the course 
IS laid on, the shoulders of the bricks, which vomnose it, wiUfall i^ 
grooves of the first course, and the shoulders of tne first course, will fit 
into the grooves or rabates of Ihe second, and so with every succeeding 
course. Buildings constructed with this kind of brick, will require no 
bond timbers, as an universal bond runs through the whole building, and 
holds alltbe parts together ; the walls of which will neither cr^k nor 
bilge without breaking through themselves. When bricks of this con- 
structfon are used for arches, the sides of the grooves should form the 
radii of the circle, of which the intended arch n a segment ; yet if the 
circle be very large, the difference of the width at the top and boitom will 
he so very trifiing, as to render a minute attention to this scarcely if at all 
necessary. In arch-work, the bricks may either be laid in mortar, ordry, 
and the interstices afterwards filled up by pouring in lime, putty, plaster of 
Paris, Sic, Arches upon tlus principle, having any lateral pressure, can 
neither expand at the foot, nor spiing at the crowii, consequently they 
want no abutments, requiring only perpendicular walls to. be let iDto,> or 
to rest upon ,* neither will they want any superincumbent weight on the 
crown to prevent their springing up. The centres also ipay he struck , 
immediately, so that the same centre, which never need he many feet 
wide, may he regularly shifted as the work proceeds. But the mdst 
striking advantage attending this invention Is, the security, it ^affords 
against the ravages of fire ; for, from the peculiar qiroperties of Uiia 
kind of arch, requiring no abutments* it may he laid upon, or Jet into 
common walls, no stronger than what is reqiured'for timbers so as to'ad- 
mit of brick fioorings." ^ ^ 

Having said thus much oo the lanng of tb6 tpund^ion, 
the. mixing:, pf tht morter, and tne nqahQ^ta]re of th.^ 
brick, jire'' shall next proper to treat on thp jMhcipltt/^i^f 
the a^^^masoniy, as practised in the'pre^t 

MASONaY,..,-,, . . 

la the art of cutting stones, and building.thi^'>^4^; a 
sqato, so as to form 4be r^fular surfaces whicu: are/setj^iced 
in construction- of an edifice. > 1.. ;:- 
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Hie cfakf business of the mason is to prepare the etone^ 
make the mortal^ raise the wall with the necessary breaks, 
petyeotipns, arches, apertures, &c., and to construct the 
vaults, &c. aa indicated by the design. 

A wall built of unhewn stone, whether it be built with 
mortar or otherwise, is called a rttbble wall. Rubble work 
is oi two kinds, coursed and uncoursed. In coursed rub' 
ble the stones are gauged and dressed by the. hammer, 
and thrown into different heaps, each heap conUuuiug stones 
of equal thickness ; and the masonry, which may be of dif- 
ferent thicknesses, is* laid in horizontal courses. In un- 
coursed rubble the stones are placed promiscuously in the 
wall, without any attention being paid to the placing them 
in courses ; and the only prepaE||tion the stones undergo, 
is that of ^knocking off the shf^ angles with the thick 
end of a tool celled a aeahling hammer. Walls are ge- 
nerally built with an ashlar facing of fine stone, averaging 
about four or five inches in thickness, and backed with rub- 
ble work or brick. 

Walls backed with brick or uncoursed rubble, are liable 
to become convex on the outside, from the great number 
of joints, and the difficulty of placing the mortar, which 
shrinks in proportion to tne quantity, in equ 1 portions, 
in each jomt ; consequently, walls of this de* ription are 
much inferior to those where the facing and backing are 
built of the same material, and with equal care, even though 
both of the sides be uncoursed. When the outside of a 
wall is faced with ashlar, and the inside is coursed rubble, 
the courses of the backing should be as high as possible, 
and set within beds of mortar. Coursed rubble and brick 
backings are fevourable for the insertion of bond timber ; 
but, in good masonry, wooden bonds should never be in 
continue lengths, as in case of either fire or rot the wood 
will perish, and the masonry will, by being reduced, be 
liable to bend at the place where the bond was inserted. 

When timber is to be inserted into walls for the purposes 
of hastening buttons for plasterinj;, or, skirting, &c., the 
pieces of timber ot^ht to be so disposed that the ends of 
the pieces be in a.line with the wall. 

In a wall faced with ashlar, the stones are generally about 
2 feet or 2; feet in length, 12 inches in height, nnd 8 inches 
in thickness. It is a verv good plan to incline the back of 
ea^ ston^ qs make all the baclm thns inclii'ca run in the 
sanle direction, wbidi gtvfis 'Aemafi degree of lap in the 
setting of the neict cocMe t whereas, if the backs are paral • 
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M to the fi'Otkt, thetro can be no lap where the stonm iiiii.of 
a& fltiMl depth in the thickness of the w^l. It is eUo ad* 
rantageoes to the stability of the wall to select the stones^ so 
that a thicker and a thinner one may succeed eaoh other 
alternately. In each course of ashlar facings either with 
rubble mastmry, or brick backings thorough-stones should 
occasionally be introduced, uid their number be in pro* 
portion to the length of tte course. In every succeeding 
course, the thorough stones should be placed in the middle 
of every two thorough -stones in the course below ; and 
this disposition of bonds should be punctually attended to 
in all cases where the courses are of any great length. 
Some masons, in order to prove that they have introduced 
sufficient bonds into their work, choose thotough-stones of 
a greater length than the thickness of the wall, and after- 
wards cot off the ouds ; but this is far from an eligible plan, 
as the wall is not only subject to be shaken, but the stone is 
itself apt to split, in evdry pier, between windows and 
other apertures, every alternate jamb-stone ought to go 
through the wall with its bed perfectly level. When the 
jamb-stones are of one entire height, as is frequently the 
case when architraves are wrought upon them, upon the 
lintel crowning them, and upon the stones at the ends of 
the coni’ses of the pier which are oc^acent to the architrave- 
jamb, every alternate stone ought to be a thorough-stone : 
and if the piers between the apertures be very narrow, no 
other bond-stone is required; but where the piers are wide, 
the number of bond-stones are proportioned to the space. 
Bond-stones most be particularly attended to in all long 
courses below and above windows. 

All vertical joints, after receding about an inch with a close 
joint, should widen gradually to the back, thereby forming hol- 
low spaces of a wedge- like figure, for the reception of mortar, 
rubble, &c. The adjoining stones should have their beds and 
vertical joints filled, from the face to about three quarters 
of an inch inWards, with oil and putty, and the rest of the 
Jbeds must be filled with well-temperod mortar. Pqtty ce- 
ment will stand longer than most stones, and will even 
remain permanent when the stone itself js mutilated. All 
walie oeitteiited with oil-putty, at first look unsightly ; but 
this disaj^eable effect ceases in a year or less, when, if 
care has been taken to make the colour of the putty suitable 
to that Of the stone, the joint! will hardly be pereeptible. 

In tdeotiug ashlar, the mason should take care that haph 
atone itiytfiably lays on ita iwtorid bed ; as flrom cavlasa- 
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ness Id tbit psrtloalai*, the tto&es freqd«itly fltith at tb* 
joints, and sooner tulmit the corrotive power of the ttnKM» 
pfaere to take effect. 

It ought also to be observed, that, in buildjng walls, or 
insulated pillars of small hoHtontal dimensions, every 
stone should have its bed perfectly level, and be without 
any concavity in the middle ; because, if the beds are coli* 
oave, the joints will most probably flush when the pillars 
bei^n to sustain the weight of the building. Care should 
also be taken, that every course of masonry in Such piers 
be of one stone. 

Having thus given to the practical mason an outline 
of the subject of walling, we will proceed to the con- 
sideration of the more difficult branches of the art, that 
of constructing arches and vaults. 

DKFINtTlONS. 

* 

An dfeh, in masonry, is that part of a building which is 
suspended over a given plane, supported only at its extre- 
mities, and concave towards the plane. 

The upper surface of an arch is called the exttados ; and 
the under surface, or that which is opposite the plan, the 
intrados. 

The supports of an arch are called the spring walls. 

The springing lines, are those common to the supports 
and the intrados ; or the line Which forms the intersection 
of the arch with the surface of the wall which supports it. 

The chord, or span, is a line extending from one springing 
line to the opposite one. 

Section of the hollow of the arch, is a vertical plane, sup- 
posed to be contained by the span and the intrados. 

The height, or rise of the arch, is a line drawn at right 
angles from the middle of the chord, or spanning line, td 
the intrados. 

The crown of the arch is that part which the extremity of 
the perpendicular touches. 

The AauncAes, or ff<MiAs,of the arch, are those parts of 
the curve between the crown and the springing line.^ ’ 

When the base of the Section, or spanning line, is paral- 
lel to the horizon, the section Will consist of tWo equal and 
similar parts, so that When one is applied to the other, they 
will be found to coincide. 

Arches are Variously named according to the figure of the 
section of a solid that would fill the void, as eita^ar, 
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ticaly cychidaly caimarianyparabolicaly &c. There are aIso« 
pointedy compositey and lancety or Gothic arches, 

A rampant arch is when the springing lines are of two 
unequal heights. 

When the intrados and extrados of an arch are parallel, it 
is said to be extradossed, ^ 

There are, however, other terms much used by masons ; 
for example, the semicircular are called perfect arches, and ^ 
those less than a semicircle, imperfect, surbused, or dimi- 
nished arches. 

Arches are also called surmounted, when they are higher 
than a semicircle. 

A vault is an arch used in the interior of a building,, 
overtopping an area of a given boundary, as a passage, or 
an apartment, and supported by one or more walls, or pil- 
lars, placed without the boundary of that area. 

Hence an arch in a wall is seldom or never called a vault ; 
and every vault may be called an arch, but every arejf can- 
not be termed a vault. 

A groin vault, is a complex vault, formed by the intersec- 
tion of two solids, whose surfaces coincide with the intra- 
dos of the arches, and are not confined to the same heights. 
An arch is said to stand upon splayed jambs, when the 
springing lines are not at right angles to the face of the wall. 

In the art of constructing arches and vaults, it is neces- 
sary to build them in a mould, until the whole is closed : 
the mould used for this purpose is called a centre. The in- 
trados of a simple vault is generally formed of a portion of 
a cylinder, cylindroid, sphere, or spheroid, that is, never 
greater than the l^ilf of the solid : and the springing lines 
which terminate the walls, or when the vault begins to 
rise, are generally straight lines, parallel to the axis of the 
cylinder, or cylindroid. 

A circular wall is generally terminated with a spherical 
vault, which is cither hemispherical, or a portion of a 
sphere less than an hemisphere. 

Every vault which has an horizontal straight axis, is call- 
ed a straight vault ; and in addition to what we have already 
said, the concavities which two solids form at an angle, re- 
ceive likewise the name of arch. 

An arch,, when a cylinder pierces another of a greater dia- 
'meter, is called cylindro-cylindric. The t^m cylindro is 
applied to the cylinder of the greatest diameter, and the 
tem cylindric to the less. 





AND MACHINIST. 


6il 

If a cylinder intersect a sphere of greater diameter than 
the cylinder, the arch is called a sphero-cylindric arch ; but 
on the other hand, if a sphere pierce a cylinder of greater 
diameter than the sphere, the arch is called a cylindro^sphe- 
ric arch, 

. If a cylinder pierce a cone, so as to make a cdmplete per* 
foration through the cone, two complete arches will be 
formed, called cono- cylindric arches $ but, on the contrary, 
if a cone pierce a cylinder, so that the concavity made by 
the cone is a conic surface, the arch is called cylindro-^cmic 
arch. 

If, ill a straight wall, there be a cylindric aperture con- 
tinuing quite through it, two arches will be formed, called 
plano-cylindric arches. 

Every description of arch is, in a similar manner to 
the above, denoted by the two preceding words; the 
former ending in o, signifying the principal vault, *or sur- 
face cut through ; and the fatter in tc, signifying the de- 
scription of the aperture which pierces or intersects the wall 
or vault. . 

When groins are introduced merely for use, they may be 
built either of brick or stone ; but, when introduced by way 
of proportion or decoration, their beauty will depend on the 
generating figures of the sides, the regularity of the sur- 
face, and the acuteness of the angles, which should not be 
obtunded. In the best buildings, when durability and 
legance are equally required, they may be constructed of 
wrought stone ; and, when elegance is wanted, at a tj'ifling 
expense, of plaster, supported by timber ribs. 

In stone-cuttiri^, a narrow surface formed by a point or 
chisel, on the surface of a stone, so as to coincide with a 
..traight edge, is called a draught. 


The formation of stone arches has always been considered 
a most useful and important acquisition to the operative 
mason ; in order, therefore, to remove any difficulties 
which might arise in the construction of arches of different 
descriptions, both in straight ana circular walls, we shall here 
introduce a few examples, which, it is hoped, with careful 
examination, wdll greatly facilitate a knowledge of some of 
the most abstruse parts of the art. 

' Fig. 551, No. 1. To find the moulds necessary for the coiptnicdon of 
a semicircular arch, cutting a straight wall obliquely. ^ 
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Let ABCDEFOH he the pli&n Qf the areli ; IKUK Ikie; 

and NOPQ inner line on the elevation. 

a 6 c e. on the elevation, cihows the bevel of each feint or bed Aron the 
face of the wall ; and mhede below, gives the mould for the same, where 
ar y on the elevation corresponds with 4? y at a. 

The arch mould, iig. 551, No. 2» is applied on the face of the ptone, 
and on being applied to the parts of the plan» gives, of coursoi the here 
of each conpave side of the stone wi^ theTace» that is K to O, on the ele-* 
vation. 

Fig. 552. To find the mould fqr constructing a semicircular areh in a 
circular wall. 

No. 1 is the elevation of the areh ; and No. 9 the plan of the bottom 
bed from q to r. 

a to b is what the areh gains on the circle from the bottom bed Are to / ; 
and e to d is the projection of the intrados to p, on the joint I, p. 

Nos. 2, 3, are plans of the three areh-stones, 1, 2, 3, in the eleva- 
tion ; and Nos. 5 and 6 are moulds to be app^ed to the beds of stones 
1 and 2, in which s e equals s e in No. 2, apd tva pquals twin No. 3. 

fn No, \t hi poi» the arch or face mould* 

When the reader is thoroughly proficient in the construc- 
tion of arches, under given datas, as the circumstances of 
the case may point out, he may proceed to investigate the 
principles of spherical domes and groins. 

Figs. 559 and 554 show the principles of developing the soffits 6f the 
arches in the two preceding examples. In each the letters of reference 
are alike, and the operation is precisely the same. 

Let A.BD£ bp the plan of the opening in the wall ; and AFB the 
elevation of the arch : produce the chord AB to C, divide the semicircle 
AFB into any nuu^ber qf parts^ the more the better, and with the com- 
passes set to any oqe of these divisions, run it as many times along AC 
as the semicircle is divided into ; then draw lines, perpendicular to BC, 
through every divisien in the semicircle and the line CA, and set the dis- 
tance 1 5, 2 3 ft bee, respeotively equal to a 5, c d, ef, See, and then by 

tracing a cqrve through timfc points, and finding the points in the lino 
(iD, in the same manner, the soffit of the arch is complete. 

Fig. 555, shows the method of constructing spherical domes. 

No. 1 mould is applied on the spherical surface to the vertical jqlnts ; 
and No. 2 mould on the same surface to the other joints ; and in both 
cases, tlie mould tends to the centre of the dome. 

3, 4, 5, 6, 7, and 8, are moulds which apply on the convex surface to 
the horizontal joints the Unca Qb,ed, e/, fre* being at right angles to 
the different raaih 5 c, de,f€t Sec, and produced until they intersect 
the perpendicular ae ; the difrerent intersections are the centres which 
^ive the cireular leg of the mould, and the straight part gives the horb 
■ontal joint. 

Fig, UOt enhUnts the plan of a groined vault. 

Lay dovQ the arch, either at the full or half size, on a floor or piece of 
floor-eloth, then divide and draw on the plan the number of joints in the 
semicircular arch, and from the intersections with the diagonals, draw the 
transverse Joints on the plan, and produce tham till they touch the in-* 
trtdoes of the elliptical arch, the curve of which may be found by setting 
the^orrespeodittg dlttaaees firom the line of the base to the curve ; tints 

equal to afl. This being aeeoiiqpllshed» drawtiie jrintanfthe elliptis 
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ralareh In the mmnerot which wefivecel, as a siMkaen. Todraw tha 
joint c dt draw the chord e c and bisect it, draw a line from the centre e# 
tlirouffh the bisectingf point, and produce it till it toiiches the perpendicu- 
lar e f ; and ed, being at right angles to efi will be the joint required. In 
the same manner the others are fqund. . 

Bv examination, it will be seen, that a rectangle circumscribinjr the 
mould 3, 3, nves the size of the stone in its square state, and, that if each 
stone in both arches be thus enclosed, the dimensions for each will be 
found, as also the position in which the moulds must be placed. The 
dark lines give the different bevels which must be carefully prepared and 
applied to the stones in the manner represented in the figure. 

Fig. 557. To draw the joints of the stones for an elliptical arch in a 
wall, &c. 

The curve is here described by the intersection of lines, which, cer- 
tainly, gives the most easy and pleasing curve,- as segments of circles 
apply only under rertdin data, or in the proportion which the axis major 
has to the axis minor, while the intersection of lines apply to any descrip- 
tion of ellipsis. Find the foci F. In an ellipsis the distance of either 
focus from one extremity of tlic axis minor is equal to the semi-axis ma- 
jor ; that is, DF is equal to c C. Then to iind any joint, a 5, draw ]ines 
from both foci through the point 5, as F e, /* d, and bisect the angle d 5 e 
by the line a 5, which is the joint required. 

Having thus' given a general outline of the principles of 
masonry, and accompanied the same with a few examples 
on the most abstruse parts of the art, we shall conclude 
this part of our treatise with the methods employed in the 
mensuration of masons’ work. 

Rough stone or marble is measured by the foot cube : but 
in measuring for workmanship, the superficies or surface, 
for plain work, is measured before it is sunk.' In measuring 
ashlar, one bed and one upright joint . are taken and con-> 
sidcred plain work. In ‘ taking the plain sunk, or cir- 
cular work, and the straight moulded, or circular moulded 
work, particular care is required to distinguish the different 
kinds of work in the progress of preparing the stone. In 
measuring strings, the weathering is denominated sunk 
u/ork, and the grooving throatings. 

Stone cills to windows, &c. are, in general, about. 
inches thick and 8 inches broad, and arc weathered at the 
top, which reduces the front edge to about 4 inches, and the 
horizontal surface at the top to about inch on the inside ; 
so that the part taken away is 6| inches broad and three 
quarters of an inch deep. Cills, when placed in the wall, 
generally project about inches. The horizontal part left 
on the inside of the cill is denominated plain work} aitd 
the sloping part sunk work ; and in the dimension 
are entered thus,—- 
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4 

8 inches (he breadth of the plain work In tho eill 
according to the abore diinensioiSt-^Lea 



1 

8 

2 8 

Plain work. 


4 

64 

2 2 

Sunk work. 

2 

8 

4 

6 

Plain to ends. 


4 0 


of throating. 


No account is taken of the sawing. 

Cornices are measured by girthing round the moulded 
parts, that is, the whole of the vertical and under parts, 
tailed moulded work : — for example, suppose a cornice pro- 
ject one foot, girth two feet, and is 40 feet in length, then 
the dimensions will be entered as under, — 


40 

2 80 
40 

1 40 


Moulded work. 
Sunk work at top. 


All the vertical joints must to added to the above. 


Cylindrical work is measured in the girth ; and the sur- 
face is calculated to be equivalent to plain work twice 
taken. 

Foi; example, suppose it be required to me^ure the plain 
work or a cylindeV, 10 feet long, and 5 feet in circumference, 
the dimensions would then be entered 

^5 0 ^ P^”” double measure, 

Pavicg-slabs and chimney-pieces are found by superficial 
measure, as also are stones under two inches thick. 

The manner in which the dimensions of a house are 
taken, vary according to the place and the nature of the 
agreement. 

In Scotland, and most pc^ts of England, if the builder 
engages only for workmanship, the dimensiops are tak6|i 
round the outside of the house for the len^h, and the 
height is taken for the width, and the two multiplied 
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idgedter riret the taperfidal ocmtenta. Tbkt faawevcr, 
applies only when the wall is of the same thickness all the '; 
way np ; and when not, as many separate heights are taken 
'as there are thicknesses. This mode of measuring g^vea 
something more than the truth, by the addition of me four 
quoins, which are pillars of two feet square ; but this is not 
more than considered sufficient to compensate the workmen 
for the extra labour A plumbing the quoins. 

If there be a plinth, string, conrse>cornice, or blocking 
course, the height is taken /rom the bottom of the plinth 
to the top of the blocking course, including the thickness of 
the same ; that is, the measurer takes a line or tape and be- 
gins, we will suppose, at the plinth, then stretching the line 
to the top, bends it into the offset, or weathering, and, 
keeping the comer tight at the internal angle, stretches the 
line vertically upon the face of the tvall, from the internal 
angle to the internal angle of the string } then girths round 
the string to the internal angte at the top of the string, and 
keeping the line tight at the upper internal angle, stretches 
it to meet the cornice ; he then bends it round all the 
mouldings to the internal angle of the blocking course, 
from which he stretches the string up to the blocking course, 
to the farther extremity of the breadth of the top of the 
same ; so that fhe extent of the line is the same as the 
vertical section stretched out : this dimension is accounted 
the height of the building. 

With respect to the length, when there are any pilasters, 
breaks, or recesses, the girth of the whole is taken at the 
length. . This method is^ perhaps, the most absurd of any 
.admitted in the art of measuring; since this addition in 
height and length, is not sufficient to compensate for the 
‘value of the workmanship on the ornamental parts. 

The value of a rood of workmanship must be first ob> 
tained by estimation, that is, by finding the cost of each 
kind of work, such as plinth, strings, comicOs, and archi- 
traves, &c. and adding to them the plain ashlar work, and 
the value of the ^materials, the amount of which, divided 
by the number of roods contained in the whole, ^ve the 
'mean price of a single rood. When the apertures or open- 
ings in a building are small, it is not customaiy to make 
‘drauctions either for the materials or workmanship whi(A 
are'there 'defident, as the troubl^ of plumbing and rctuhi- 
ing the 'quoins, is fmnsid9ied,);a^vidihnt to the dtificilen^'el 
laitaials occasiondi'by suchapsrture. 
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Elsam’s Gentleman’s and Builder’s Assistani^ gires the 
following information on the practice of measuring rough 
stone work. 

To find the number of perches contained in a piece of 
rough stone-work. 

If the wall be at the standard thickness, that is, 12 inches high, IS 
inches thick, and 21 feet long, divide the areaLby 21, and the quotient, if 
any, will be the answer in perches, and the remainder, if any, is feet. 
If the wall be more or less than 18 inches thick, multiply the area of the 
wall by the number of inches in thickness, which product, divided by 18, 
and that quotient by 21, will give the perches contained. 

Example, A piece of stone-work is 40 feet long, 20 feet high, and 24 
iaohes ^ck, how many perches are contained in it? 

40 length. 

20 height. 

800 

24 

8200 

1600 

21) P. F. fn. 


18) 19200 

(1006 

18 

105 

120 

16 

108 

— 

120 


im 



12 equal to 8 inches. 

The method last described, of finding the value of mason’s 
work, is usually adopted, the perch being the standard of 
the country ; but the most expeditious way of ascertaining 
the value, is to cube the contents of the wall, and to charge 
the work at per foot. To ascertain the value of common 
stone* work, a calculation should be made of the prime cost 
of all the compbneut parts, consisting of the stones in the 
<|uarry, the expense of (]|uarrying, laud-carriage to the place 
where it is to be used, with the extra trouble and consequent 
expense in carrying the stone one, two, three, or more 
stmes higher. Also the price of the lime when delivered, to.' 
gether with the extra expense of wag^ to workmen, if in the 
country j all these circnmstances mwst be ttdeen into consi- 
deration in finding thq val.nq of • perch of common stone* 
woric, the expense of which be mnnd to vuy ecoordiof tn 
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local ciroamstanced, in degrees scarcely credible ; whevofore 
a definite price cannot, with propriety, be fixed. 


BRICKLAYING 

.. In building nplp an inclined plane, or rising.ground, the 
foundation must be made to rise- in a scries of level steps, 
according to the general line of the ground, to insure a firm 
bed for the courses, and prevent them from sliding ; for if 
this mode be not adopted, the moistnre in the foundations in 
wet weather, will induce the inclined parts to descend, to 
the manifest danger of fracturing the wails and destroying 
the building. 

In walling, in dry weather, when the work is required to 
be firm, the best mortar must be used ; and the bricks must 
be wetted, or dipped in water, as they are laid, to cause 
them to adhere to the mortar, which they would not do if 
laid dry ; for the dry sandy nature of the brick absorbs the 
moisture of the mortar and prevents adhesion. 

In carrying up the wall, not more than four or five feet of 
any part should be built at a time ; for, as all walls shrink im-- 
mediately after building, the part which is first carried npwill 
settle before the adjacent part is carried up to it, and, con- 
sequently, the shrinking of the latter will cause the two 
parts to separate ; therefore, no part of a wall should be 
carried higher than one scaffold, without having its contin- 
gent parts added to it. In carrying up any particular part, 
the ends should be regularly sloped off, to receive the bond 
of the adjoining parts on the right and left. 

There are two descriptions of bonds ; English bond, and 
Flemish band. In the English bond, a row of bricks is laid 
lengthwise on the length of the wall, and is crossed by ano- 
ther row, which has its length in the breadth of the wall, 
and so on alternately. Those courses in which the lengths 
of the bricks are disposed- through the length of the wall, 
are termed stretching courses j and the bricks stretchers : and 
those courses in which the bricks run in the thickness of 
the lengths of the walls, heading courses^ and the bricks 
headers, 

'Fhe other description of bond, called Flemish bond^ con- 
sists in placing a header and a stretcher alternately in th^ 
same bourse. The latter is deemed the neatest^ and inost 
eiegant ; but, in the exdcution is attended with great incon- 
venience, and, in most cases, does not unite the parts of a 
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wall wHh tne same d^ree of firmness as the English Imnd. 
fn general, it may be observed, that, whatever advantages 
are guned by the English bond in tyin^ a wall together in 
its thickness, they are lost in the longitudinal bond ; and 
vtce>ver/a. To remove this inconvenience, in thick walls, 
some builders place the bricks in the cone at w angle of 
forty-five d^rees, parallel to each othi|^ throughout the 
length of every course, but revenged fn the alternate 
courses ; so that the bricks cross each other at right an- 
gles. But even here, though the bricks in the cone have 
sufficient bond, the sides are veiy imperfectly tied, on ac- 
count of the triangular interstices formed by the oblique 
direction of the internal bricks against the flat edges of those 
in the outside. 

Concerning the English bond, it may be observed, that, 
as the longitudinal extent of a brick is nine inches, and its 
breadth four and a half, to prevent two vertical joints from 
running over each other at the end of the first stretcher 
from the corner, it is usual, after placing the return corner 
stretcher, which occupies half of the' length of this stretcher, 
and becomes a header in the face, as the stretcher is b. •• 
low, to place a quarter brick on the side, so that the two 
together extend six inches and three-quarters, being a lap 
of two inches and a half for the next header. The bat thus 
introduced is called a closer. A similar effect may be ob- 
tained by introducing a three-quarter bat at the corner of 
the stretching course, so that the corner header being laid 
over it, a lap of two inches and a quarter will be left, at 
the end of the stretchers below, for the next header, which 
being laid on the joint below the stretchers, will coincide 
with its middle. 

In the winter, it is very qssential to keep the unfinished 
wall from the idtemate effects of rain and firost ; for if it is 
exposed, the-rain will penetrate into the bricks and mortar, 
'and, by being converted into ice, expand, and burst or 
crumble the materials in which it is contained. 

The decay of builcUngs, so commonly attributed to the 
■effects of time, is, in fact, attributable to this -source ; but 
as finished edifices have only a vertical surface, the action 
and counter-action of the nun and frost extend not so ra- 
pidly’ as in -aq unfinished wall, where the horizontal sur- 
nw permits the run and frost' to have easy access into the 
of the woric. Great ca|^, therefore, nAust be taken, ^ 
ilitNHi aaithe' frost or 'stormy weatberlsets in, to dover fiie 
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flDislied wbIIaj Dither M^th straw, which if the most opoi- 
mon, or weather boarding. 

Til^en weather boarding is employed, it is advisable to 
have a good layer bf straw between the work and the boards 
iog, and to place the boarding iti the form of stone-coping, 
to throw the water off equally on both sides. 

A number of very pleasing cornices and other ornaments 
may be forn)ed id brick-work, b^ the mere disposition of 
the bricks, without cutting ; and if cut, a simple champher 
will be sufficient. A great defect, however, is very often 
observable in these ornaments, particularly in the bulging 
of arches over windows ; which arises from mere careless- 
ness, in rubbing the bricks too much on the inside ; where- 
as, if due care were taken to rub them exact to the gauge, 
their geometrical bearings being united, they would all tend 
to one centre, and produce a well-proportioned and pleasing 
effect. 

In stcining wells, it is necessary first to make a centre, 
consisting of a boarding of inch or inch and a half stuff, 
ledged within with three circular rings, upon which the bricks, 
all headers, are laid. The vacuity between the bricks towards 
the boarding, are to be filled in with tile or other pieces of 
brick. As the well-sinker proceeds to excavate the ground, 
the centre with its load of bricks sinks, and another similarly 
charged is laid upon it, and another upon that, and so on till 
the wall is complete, the centreing remaining with the 
brick- work. This plan is generally adopted in London, at 
least where the soil is sandy and loose ; where it is firm, 
centreings are not requisite. In the country, among many 
other methods, the following is most approved :^rings 
of timber, without the exterior boarding, are used ; upon the 
first ring, four or five feet of bricks are laid, then a second 
ring, and so on. But the mofie before described is by far 
the most preferable ; as in the latter the sides of the brick- 
work are apt to bulge in sinking, particularly if great care be 
not taken in filling and ramming the sides uniformly, so as 
to keep the pressure regular and equal. In steining wells 
and building cesspools, a rod of brick-work will require at 
least 476O ^cks. 

As the construction of walls, arches, groins," &c. in 
brick-work, approximates so nearly to that of stoncTWork, 
and as the same observations generally apply, further infor- 
mation would, perhaps,. be considered superfluous; we 
shidl, therefore, conclude this article with some practical 
observatioas on the measuring of brick-work. 
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Brick-work is measured and valued by the rod. llib con- 
tents of a rod of brick- work is 16 1 feet square ; consequent- 
ly, the superficial rod contains 272*2$, or 272^ square 
feet ; but as the quarter has been found troublesome in caU 
culation, 272 superficial feet has .been admitted as the 
standard. 

The standard thickness of a brick wall is 14 brick laid 
lengthwise ; therefore, if 272 square feci be multiplied by 
13 inches, the result will be 306 cubic feet, or a rod. 

Arod of standard brick-work, making the necessaiy allo\r- 
ance for mortar and waste, will require 4500 bricks ; but 
this, quantity is of course ruled by the size of the brick, and 
the closeness of the joints. 

A foot of reduced brick-work requires 17 bricks; a foot 
superficial of marl facing, laid ip Flemish bond, 8 bricks ; 
and a foot superficial of gauged arches, 10 bricks. In paving^ 
a yard will require 82 paving bricks, or 48 stock bricks, or 
38 bricks laid flat. 

A square of tiling contains 100 superficial feet; and re- 
quires of plain tiles, 800 at a six-inch gauge, 700 at a seven- 
inch gauge, or 600 at an eight-inch gauge. 

The distances between the respective laths must depend 
on the pitch of the roof ; and one roof may require a 6, 
7, and 8 inch gauge. For instance, akirt roof will require, 
in the kirt part, a 74 or 8 inch gauge, and in the upper part 
6, 64, or 7 inch, the gauge decreasing in the ratio of the 
angle of elevation. 

A square of plain tiling will require a bundle of laths, 
more or less, according to the pitch ; with two bush'cls of 
lime, one bushel of sand, and a peck of tile- pins. 

Laths are sold by the thousand, or bundle ; and each 
bundle is supposed to contain 100 laths, though the exact 
number depends on the length ; the 3 feet containing 5 
score, the 4 feet 4 score, the 6 feet 3 score, and so on in 
proportion. 

A square of pan-tiling requires 180 tiles, laid at a ten- 
inch gauge ; and one bundle, containing 12 laths, ten feet 
long. # 

In lime measure, 25 struck bushels, or 100 pecks, make a 
hundred of lime ; 8 gallons, a bushel dry measure; and 268 
cubic inches, one gallon. 

In measuring sand, 24 heaped, or 30 struck bushels make 
one load ; and 24 cubic feet weighs one ton. 

A load of mortar, which ought to contain half a hundred 
lime, with a proportionate quantity of sand, is 27 cubic feet. 
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Excavations of the earth arc measured by the number ot 
^blc yards which they contain, therefore, to find the number 
of cubic yards in a trench, find the solidky of the trench in 
• cubic feet, and divide it by 27 , the number of cubic feet in 
a yard, and the quotient, is the number of cubic yards, and 
the remainder the number of cubic feet. 

For example, the leaf th of a trench is 60 feet, the depth 3 feet, and 
the breadth 2 feet. 

60 

3 

180 

yds. ft. 

27)360(13 9 the answer. 

27 

90 

81 

9 

In the horizontal dimensions, if the trench be wider at the 
top than it is at the bottom, and equal at the ends, take 
half the sum of the two dimensions for a mean breadth ; 
and if the breadth of one end of the trench exceed that of 
the other, so as to have two mean breadths, differing from 
each other, take half the sum of the two added together, as 
a mean breadth of the whole." 

In measuring the footing of a wall, multiply the length 
and the height of the courses together; then multiply 
the product by the number of half bricks in the mean 
breadth, divfde the last product by 3, and the quotient is 
the answer in reduced feet. Instead of measuring the 
height of the footing, it is customary to allow three inches 
to each course in height, or multiply the number of courses 
by 3, which gives the height in inches. 

To find the contents in rods of a piece of brick work. 

Case 1. If the wall be of the standard thichness, divide the area of the 
wall by 272f and the quotientgia the number of rods, and the remainder 
the number of feet ; but if the wall be either more or less than a brick 
and a half in thickness, multiply the area of the wall by the number of 
half bricks, that is, the number of half lengths of a brick ; divide the 
product by 3, which will reduce the wall to the standard thickness of 1^ 
orick, then divide the quotient by 272, and h will give the number of rods. 

Case If, Divide the number of cubic feet contained in the wall by 303 ; 
the quotient will give the number of rods, and the remainder the number 
of cubic feet. 

Case 1I(. Multiply the numler of cubic feet in a wall by 8 ; divide the 
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lirodncl hy 9 ; and the quotient will give the area of the wall a|rthe 
standard : divide this standard area by 978, and the quotiept will 
the number of rods ; the remainder the reduced feet. 

Example. The length of a wall is O fe^ the height 90 feet, and the, 
thickness equal to the length of three bricks ; it is therefore required* 
to know how many rods of bridt-work is contained in the said wall f 
By Case I, 60 

90 

2900 

6 

3)7203 

f 272 ) 2400 C 8 rods 994 ftet the answer. 

2176 

821. 


( nae If 60 

20 

1200 

2.3 thick ueas ot wall 

2100 

300 

30u ) 2700 ( 8 rods 859 feet the answer* 
2448 

2.)2 


Case III. 60 
20 

1900 

93 

2400 

300 

9703 

8 

9)21600 


972) 9100 (8 rods 984 feet, asm Case I 
9176 
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the calceUition of brick-work, where there ere eeretel 
wms of different thicknesses, it will be quite unnecessaiy 
to use the divisors 3 and 2/2, as will be hereafter shown. 

In taking dimensions for workmanship, it is usual to 
allow the length of each wall on the external side, to com- 
pensate for plumbing the angles ; but this practice must not 
be resorted to for labour and materiids, as it gives too much 
quantity in the height of the building or story by two pil- 
lars of brick ; and in the borizontu dimensions by the 
thickness of the walls. 

In measuring walls, faced with bricks of a superior qua- 
lity, most surv^ors measure the whole as common work, 
and allow an additional price per rod for the facing, as the 
superior excellence of the work, and quality of the bricks 
may deserve. 

Every recess or aperture made in any of the faces must 
be deducted ; but an allowance per foot lineal should be 
made upon every right angle, whether external or internal, 
excepting when two external angles may be formed by a 
brick in oreadth, and then only one of them must be al- 
lowed. 

Gauged arches are sometimes deducted and chained se- 
parate ; but as the extra price must be allowed in the for- 
mer case, it will amount to the same thing. 

In measuring walls containing chimneys, it is not custom- 
ary to deduct the flues; but this practice, so far as re- 
gards the materials, is unjust, though, perhaps, by taking 
the labour and materials together, the overcharge, with 
respect to the quantity of bricks and mortar, may, in some 
degree, compensate for the loss of time : on the other hand, 
if the proprietor finds the materials, it is not customary to 
allow for the trouble of forming the flues, which, conse- 
quently, is a loss to the contractor who has engaged by 
task-work or measure. 

If the breast of a chimney project from the face of the 
wall,* and is parallel to it, the best method is, to take the 
horizontal and vertical dimensions of the face, multiply them 
together, and multiply the product by the thickness, taken 
in the thinnest part, without notiang the breut of the 
ehimney; then wd the solidity of the breast itself, add 
these solidities together, and the sum '^11 give the solidity of 
the wall, including the vacuities, which must be deducted 
for the real solidity. Nothing more is n^sswy to be said 
of the shaft, than to take its dimensions in height, breadth, 
and thickness, in order to ascertain its solidity. 
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If a chimney be placed at an angle^ with the face of ioe 
breast intersecting the two sides of the wall^ the breast^of 
the chimney must be considered a triangular prism. To 
take the dimensions : — ^from the intersections of the front of 
the breast intp the two adjacent walls, draw two lines on 
the floor, parallel to each adjacent wall 3 then the triangle 
oil the. floor, included between the front and these lines, will 
be equal to the triangle on which the chimney stands, and, 
consequently, equal to the area of the base. To attain the 
area of the triaugular base, the dimensions may be taken in 
three Tarious ways, almost equally easy ; one of which is, 
to take the extent of the base, which is the horizontal di- 
mension of the breast, and multiply it by half of the per- 
pendicular ; or multiply the whole perpendicular by half 
the base : but, as this calculation would, in cases of odd 
numbers, run somewhat long, a more preferable method is, 
to multiply the whole base by the whole peri>endicular, and 
take half of the product, which will give the area on which 
the chimney stands ; and which, multiplied by the height, 
gives the solid contents of the chimney. From this oontents 
is to be deducted the vacuity for the fire-place. 

A row of plain tiles, laid edge to edge, with their broad 
surfaces parallel to the termination of a wall, so as to pro- 
ject over the wall at right angles to the vertical surface, is 
called single plain tile creasing ; and two rows, laid one 
above the other, the one ^row breaking the joints of the 
other, are called double plain tile creasing. 

Over the plain tile creasing n row of bricks is placed 
on edge, with their length in the thickness of the wall, and 
are called a barge course, or cope. 

The bricks in gables, which terminate with plain tile 
creasing coped with bricks, in order to form the sloping bed 
for the plain tile creasing, must be cut, and the sloping of 
the bricks thus, is called cut splay. 

Plain tile creasing and cut splay are charged by the foot 
run \ and the latter is sometimes charged by the supe^cial 
foot. r » 

A brick wtdl built in pannels between timber quarters is 
called brick nagging*, and is generally measured by tbeyaM 
squai'e, the quarters and nogging pieces being included in 
the measure. 

Pointing is the filling up the joints of the bricks after the 
walls are built. It oonsists in raking out some of the mor** 
tar from the joints, and filling them again with Idne mor- 
tar, and in one kind of pointing, the courses are sknulv 
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BMtfked with the end of a trowel, called Jlal-Joint pointing j 
but if, in addition to flat-joint pointing, piaster be inserted 
in the joint with a regular projection, and neatly paved to 
a parallel bi'eadth, it is tenned Mck point^tg, or hiek-joM 
pointing, or fornoarly, hick, andpatt. Pointing is measured 
by the foot superflcial, including in the price, mortar, labour, 
and scaffolding. 

Rubbed and gauged work is set in putty or mortar ; and 
is measured either by the foot superficial, or the foot run, 
according to the manner in which it is constructed. 

In measuring canted bow windows, the sides are con- 
sidered as continued straight lines ; but the angles on the 
exterior side of the building, whether they be external or 
internal, are allowed for in addition, and paid for under the 
denomination of run of hints mouth. All angles within the 
building, if oblique, from whatever cause they are made, 
either by straight or circular bows, or the splays of windows, 
are allowed for, under the bead Oi run of cut splay. 

Brick cornices are measured by the lencal foot ; but as 
various kinds of Cornices require more or less difficulty in 
the execution, the price must depend on the labour and the 
value of the material used. 

Garden walls are measured the same as other walls, but if 
interrupted by piers, the thin part may be measured as in 
common walling, and the piers by themselves, making an 
allowance, at i)er foot run, for the right angles The coping 
is measured by itself, according to the kind employed. 

Paring is laid cither with bricks, or tiles, and is measured 
by the yard square. The price, per yard, is regulated by the 
manner in which the bricks or tiles are laid, whether flat or 
edge-ways, or whether any of them be laid in sand or mortar. 

The circular parts of drains may be retluced cither to the 
standard, or the cubic foot 5 and the number of rods may, if 
required, be taken. The mean dimensions of the arch 
may be found, by taking the half sum of the exterior and in- 
terior circumferences j but, perhaps, it were better to make 
the price of the common measure, whether it be a foot, 
yard, or rod, greater as the diameter is less j but as the re- 
ciprocal ratio would increase the price too much in small, 
diameters, perhaps prices ae certain diameters would be a 
sufficient regulation. 

The following tables will be found an acquisition to those 
persons to whom a saving of time is an object:— 
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TABLE I. 

This Table ibews what quantity of bricks are necessanr to conitruct a 
piece of brick-work of any g^iven dituensionsy from hair a brick to two 
bricks and a half in tMckness ; and by which the number for any thick* 
ness may be found. * 

This Table is at the rate of 4500 bricks to the rod of reduced brick- 
work, includui^ waste. 


Aiwi or 
the face 
of walL 

The number oy>ricki thick and the quantity required. 

i briek. 

1 brick. 

11 brick. 

Sbrickc. 

91 bricki. 

1 

5 

11 

16 

22 

27 

S 

11 

88 

S3 

44 

55 

3 

16 

33 

49 

66 

82 

4 

32 

44 

66 

88 

no 

5 

87 

55 

88 

no 

187 

6 

33 

66 

99 

132 

165. 

7 

38 

77 

115 

154 

193 

8 

44 

88 

133 

176 

820 

9 

49 

99 

148 

198 

888 

JO 

55 

no 

165 

820 

275 

80 

110 

380 

SSO 

441 

554 

80 

16ft 

330 

496 

661 

827 

40 

890 

441 

661 

883 

1102 

50 

275 

551 

897 

nos 

1978 

60 

3S0 

661 

098 

1323 

1655 

70 

386 

778 

1158 

1544 

1930 

80 

441 

888 

1383 

1764 

8205 

90 

496 

998 

1486 

1985 

2480 

100 

551 

1108 

1654 

2205 

2757 

800 

1102 

8805 

8308 

4411 

5514 

300 

1654 

330* 

4969 

6617 

8273 

400 

3805 

4411 

6617 

8888 

11,089 

500 

2757 

5514 

8878 

11,089 

18,786 

600 

SS08 

6617 

9986 

13,835 

16,544 

700 

3860 

7730 

11,580 

15,441 

19,301 

800 

4411 

8883 

13,835 

17,647 

98,058 

900 

4963 

9986 

14,889 

19,858 

24,816 

1000 

5514 

11,039 

16,544 

28,058 

27,573 

J?000 

1 1,089 

88,058 

33,088 

44,117 

55,147 

6000 

16,544 

33,088 

49,638 

66,176 

88,720 

4000 

83,058 

44,117 

66,176 

1 88,395 

110,894 

,5000 

27,573 

55,147 

82,720 

110,294 

137,867 

6000 

33,088 

66,176 

99,864 

1 132,352’ 

165,441 

7000 

38,609 

T7,80S 

115,808 

154,411 

193,014 

8000 

» 44,117 

88,835 

138,850 

176,470 

280,588 

jSOOO 

49,638 

99,864 

148,896 

198,589 

848,161 

10,000 

55,147 

110,894 

165,441 

880,588 

875,735 

80,000 

110,894 

380,588 

330,888 

441,176 

551«470 

30,000 

165,441 

930,888 

496,883 

661,764 

827,805 

40,000 

‘50,000 

880^588 

441,W 

661,764 

) 868,358 

1,102,940 

875,735 

551,470 

887,805 

1,108,940 

1,878,675J 

60,000 

830,888 

661,764 

998,646 

1,383,528 

J,654W10 

70,000 

386,089 

778,058 

1,158,087 

]>S44,I16 

l,9S0>]45. 

60,000 

441,176 

868,358 

1,388,588 

1,764,704 

8,805,880 

90,000 

406,983 

908,646 

1,488,969 

1,985,398 

9481 
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^fhe left-hand column contains the number superficial 
feet contained in the wall to be built : the adjacent columns 
shew the number of bricks required to build a wall of the 
different thicknesses of and 2| liricks. 

Example. Suppose it be required to find the number of bricks neces- 
sary to bidKl a wall 1 brick thick, containing* an area of 6760 feet ? 
First look for 5000 in the left hand column, and you will findlfet it takes 
55 , 147 bricks, add to this quantity, the number necessary for each of the 
other component parts, and we shall have the following 
6000 will require 65147 
700 .... 7720 

60 .... 651 

5760 63,528 


TABLE II. 

^hews the ninnber of rods contained in any number of superScial feet, 
from Ito 10,000, and from ^ a brick to 2} bricks ; and thence bv addi- 
tion, to any number, and to any thickness, at the rate of 4500 bricks to 
the rod. - 


Feet 

•up. 

1 brick. 

1 brick. 

IJ brick. 

2 bricks. 

24 bricks. 


R. Q.F. In 

R.Q. F. In. 

R. Q. F. In 

R.Q. F. In 

.R. Q. P. In. 

1 

0 0 

0 4 

0 0 

0 8 

0 0 10 

0 0 14 

0 0 18 

2 

0 0 

0 8 

0 0 

1 4 

0 0 2 0 

0 0 i 8 

0 0 3 4 

3 

0 0 

1 0 

0 0 

2 0 

0 0 3 0 

0 0 4 0 

0 0 50 

4 

0 0 

1 4 

0 0 

2 a 

O 0 4 0 

0 0 5 4 

0 0 6 8 

5 

0 0 

1 8 

0 0 

3 4 

0 0 5 0 

0 0 6 8 

0 0 8 4 

6 

0 0 

2 0 

0 0 

4 0 

0 0 6 0 

0 0 8 0 

0 0 10 0 

7 

0 0 

2 4 

0 0 

4 8 

0 0 7 0 

0 0 9 4 

0 0 118 

8 

0 0 

2 8 

0 0 

5 4 

0 0 8 0 

0 0 10 8 

0 0 13 4 

9 

0 0 

3 0 

0 0 

6 O 

0 0 9 0 

0 0 12 0 

0 0 15 0 

10 

0 0 

3 4 

0 0 

6 8 

0 0 10 0 

9 6 1.3 4 

0 0 16 8 

11 

0 0 

3 8 

0 0 

7 4 

0 0 110 

0 0 14 8 

0 0 18 4 

V2 

0 0 

4 0 

0 0 

8 0 

0 0 12 0 

0 0 16 0 

0 0 90 0 

13 

0 0 

4 4 

0 0 

8 8 

9 0 13 0 

0 0 17 4 

0 0 21 8 

14 

0 0 

4 8 

0 0 

9 4 

0 0 14 0 

0 0 18 8 

0 0 23 4 

15 

0 0 

5 0 

0 0 10 0 

0 0 15 0 

0 0 20 0 

0 0 25 0 

16 

0 0 

5 4 

0 0 10 8 

0 0 16 0 

0 0 21 4 

0 0 26 8 

17 

0 0 

5 6 

9 0 

11 4 

0 0 17 0 

- 0 0 22 8 

0 0 28 4 

IS 

0 0 

6 0 

0 0 

12 0 1 

0 0 18 0 

0 0 24 0 

0 0 SO 0 

19 

0 0 

6 4 

0 0 

12 8 

0 0 19 0 

0 0 25 4 

0 0 31 8 

20 

6 0 

6 8 

0 0 

tS 4 ' 

0 0 SO 0 

0 0 26 8 

0 0 S3 4 

21 

0 0 

7 0 

0 b 14 0 

0 0 21 0 

0 0 28 0 

0 0 35 0 

22 

.0 0 

7 4 

D 0 

14 8 

0 0 22 0 

0 0 29 4 

0 0 36 8 

23 

0 0 

7 8 

0 0 15 4 

0 0 23 0 

0 0 SO 8 

0 0 38 4 

24 

0 0 

8 0 

0 0 16 0 

0 0 24 0 

0 0 32 0 

0 0 40 0 

25 

0 0 

8 4 

0 0 

16 8 

0 0 25 0 

0 0 33 4 

0 0 41 8 

26 

0 0 

8 8 

0 0 

17 4 

0 0 26 0 

0 0 34 8 

0 0 43 4 

27 

0 0 

9 0 

0 O 18 0 

0 0 27 0 

0 0 36 0 

0 0 45 0 

28 

0 o 

9 4 

0 0 18 8 

0 0 28 0 

0 0 37 4 

0 0 46 8 

29 

0 0 

9 8 

0 0 19 4 

0 a 29 0 

0 0 36 8 

0 0 48 4 

SO 

0 0 10 C 1 

0 0 SO 0 

0 0 30 0 

0 0 40 0 

0 0 50 0 

21 

0 0 

10 4 1 

0 0 20 8 

0 0 31 0 

0 0 41 4 

0 0 51 8 
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Feet 

sup. 

§ brick. 

1 brick. 

biick. 

2 bricks. 

2} bricks. 

83 

U.Q.F. In. 
0 0 10 8. 

R.Q. F. In. 
0 0 21 4 

R. Q. F. In. 
0 0 32 0 

R. Q.F. In. 
0 0 42 8 

R. Q.F. In. 
0 0 53 4 

9.S 

0 0 11 0 

0 0 22 0 

0 0 33 0 

0 0 44 0 

0 0 55 0 

84 

0 0 11 4 

0 0 22 8 

0 0 34 0 

0 0 45 4 

0 0 56 8 

85 

0 0 118 

0 0 23 4 

0 0 35 0 

0 0 46 8 

0 0 58 4 

. 86 

4| 0 12 0 

0 0 24 0 

0 0 .36 0 

0 0 48 0 

0 0 60 0 

87 

0 0 12 4 

0 0 24 8 

0 0 37 0 

0 0 49 4 

0 0 61 8 

38 

0 0 12 8 

0 0 25 4. 

0 0 38 0 

0 0 50 8 

0 0 63 4 

89 

0 0 13 0 

0 0 36 0 

0 0 39 0 

0 0 52 0 

0 0 65 0 

40 

0 0 1.3 4 

0 0 26 8 

0 0 40 0 

0 0 53 4 

0 0 66 8 

41 

0 0 13 8 

0 0 27 4 

0 0 41 0 

0 0 54 8 

0 10 4 

42 

0 0 14 0 

0 0 25 0 

0 0 42 0 

0 0 56 0 

0 1 2 0 

43 

0 0 14 4 

0 0 28 8 

0 0 43 0 

0 0 57 4 

0 1 3 8 

44 

0 0 14 8 

0 0 29 4 

0 0 44 0 

0 0 58 8 

0 1 5 4 

45 

0 0 15 0 

0 0 90 0 

0 0 45 0 

0 0 60 0 

0 1 7 0 

46 

0 0 15 4 

0 0 30 8 i 

0 0 46 0 

0 0 61 4 

0 1 8 8 

47 

0 0 15 8 

0 0 31 4 I 

0 0 47 0 

0 0 62 8 

0 1 10 4 

48 

0 0 16 0 

0 0 32 0 

0 0 48 0 

0 0 64 0 

0 1 12 0 

49 

0 0 16 4 

0 0 32 8 

0 0 49 0 

0 0 65 4 

0 1 13 8 

50 

0 0 16 6 

0 0 33 4 

0 0 50 0 

0 0 66 8 

0 1 15 4 

60 

0 0 20 0 

0 0 40 0 

0 0 60 0 

0 1 12 0 

0 1 32 0 

70 

0 0 23 4 

0 0 46 8 

0 1 2 0 

0 1 25 4 

0 1 48 8 

80 

0 0 26 8 

0 0 53 4 

0 1 12 0 

0 1 38 8 

0 1 65 4 

90 

0 0 .30 0 

0 0 60 0 

0 1 22 0 

0 1 52 0 

0 2 14 0 

100* 

0 0 33 4 

0 0 66 8 

0 1 32 0 

0 1 65 4 

0 2 SO 8 

200 

0 0 66 8 

0 1 65 4 

0 2 64 0 

0 3 62 8 

1 0 61 4 

300 

0 1 32 0 

0 2 64 0 

1 0 28 0 

1 1 60 0 

1 3 24 0 

400 

0 1 65 4 

0 3 62 8 

1 1 60 0 

1 3 57 4 

2 1 54 8 

500 

0 2 30 8 

1 0 61 4 

1 3 24 0 

2 1 54 8 

3 0 17 4 

600 

0 2 64 0 

1 1 60 0 

2 0 56 0 

2 3 52 0 

3 2 48 0 

700 

0 3 29 4 

1 8 58 8 

2 2 20 0 

3 1 49 4 

4 1 10 8 

800 

0 3 62 8 

1 3 57 4 

2 3 52 0 

3 3 46 8 

4 3 41 4 

900 

1,0 28 0 

2 0 56 0 

3 1 16 0 

4 1 44 0 

5 2 4 0 

1000 

1 0 61 4 

8 1 54 8 

3 2 48 0 

4 3 41 4 

6 0 34 8 

2000 

2 1 54 8 

4 3 41 4 

7 1 28 0 

9 3 14 8 

12 1 14 

H0(K> 

3 2 48 0 

7 1 28 0 

110 8 0 

14 2 56 0 

18 1 36 0 

4000 

4 3 41 4 

9 3 14 8 

14 2 56 0 

19 2 29 4 

24 2 2 8 

5000 

6 0 34 6 

18 1 14 

18 1 36 0 

24 2 2 8 

30 2 37 4 

6000 

7 1 28 0 

14 8 56 0 

22 0 16 0 

29 1 44 U 

36 3 4 0 

7000 

8 2 21 4 

17 0 42 8 

25 2 64 0 

34 1 17 4 

12 3 38 8 

8000 

9 3 14 6 

19 2 29 4 

29 1 44 0 

39 0 58 8 

19 0 5 4 

9000 

11 0 8 0 

22 Q 16 0 

S3 0 24 0 

44 0 32 0 

35 0 40 0 

10000 |12 1 14 |: 

24 2 8 8 

36 3 4 0 

49 0 5 4 

n 1 6 8 


The left-hand column contains the area of the wall in superficial feet ; 
the adjacent coluinns the quantity, reduced to the standard thickness, ao- 
cordingf to tlie 4 ili^ent thicknesses on the top. 

Example. Wliatis the quantity of reduced brick-work in a wall contain- 
ing 540 superficial feet, Shrieks thick? 

DivideAhe number asJn the preceding* table, into its component parts« 
say 4540s 4000 -f- 500 4 - 40, then by the table. 

R. Q. P. In. 

4000 contains 19 2 20 4 

500 ... 2 1 54 8 

40 ... p 0 53 4 


22 1 1 4 
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Tlie same by rule. 

4.540 

4 number of iialf bricks. 


3)181G0( R. Q. F. In. as above. 

372)605.3+4(22 I I 4 
5U 


613 

54fi 

(of a rod 68)69 (I 
68 

1 


TABLE in. 


Snews the value of reduced brick* work per hkI, calculated at the se- 
veral prices of A’3 &s. £B lOr. £S 15f. £4 Ox. £4 St, and £4 10». per rem 
for mortar, labour, and scaffolding; and of bricks from £1 10». toi'3 
Os. per thousand ; allowing 4o00 bricks to the rod. 


Bricks per 
Uiousoiid. 

Mortar and 
Labour 
31. 

per rod. 

Mortar axul 
Labour 
31. lOr. 
per rod. 

Mortar and 
Labour 
3/. 15m. 
per rod. 

Mortar and 
Labour 
41. Or. 
per rod. 

Mortar and 
Labour 
4i. 5 m. 
per rod. 

Morurand 
Labour 
iL 10s. 
per rod. 

£. 

s. 

d. 

£. 

s. 

d. 

£. 

f. 

d. 

£. 

s. 

d. 

£. 

5. 

d. 

£. 

s. 

d. 

£. 

f. 

d. 

1 

10 

0 

10 

0 

0 

10 

5 

0 

10 

10 

0 

10 

15 

0 

11 

0 

0 

IJ 

5 

0 

1 

13 

0 

10 

9 

0 

10 

14 

0 

10 19 

0 

11 

4 

0 

11 

0 

0 

11 

14 

0 

1 

14 

0 

10 

18 

0 

11 

S 

0 

11 

8 

0 

11 

IS 

0 

11 

18 

0 

12 

S 

0 

1 

16 

0 

11 

7 

0 

11 

13 

0 

11 

17 

0 

18 

2 

0 

12 

7 

0 

18 

18 

0 

1 

18 

0 

11 

16 

0 

18 

1 

0 

12 

6 

0 

12 

11 

0 

12 

16 

0 

IS 

1 

0 

8 

0 

0 

12 

5 

0 

18 

10 

0 

12 

15 

0 

13 

0 

0 

IS 


0 

IS 

10 

0 

9 

2 

0 

12 

14 

0 

18 

19 

0 

IS 

4 

0 

13 

9 

0 

18 

14 

0 

13 

19 

0 

3 

4 

0 

IS 

3 

0 

IS 

8 

0 

IS 

13 

0 

13 

18 

0 

14 

S 

0 

14 

8 

0 

8 

6 

0 

18 

13 

0 

IS 

17 

0 

14 

3 

0 

14 

7 

0 

14 

J2 

0 

14 

17 

0 

8 

8 

0 

14 

1 

0 

14 

6 

0 

14 

11 

0 

14 

16 

.0 

15 

1 

0 

15 

6 

0 

8 

10 

0 

14 to 

0 

14 

15 

0 15 

0 

0 

15 

5 

0 

15 

10 

0 

15 

15 

0 

8 

12 

0 

14 

19 

0 

15 

4 

0 15 

9 

0 

15 

14 

0 

15 

19 

0 

16 

4 

0 

9 

14 

0 

15 

8 

0 

15 

IS 

Ol5 

18 

0 

16 

3 

0| 

)6 

8 

0 

16 

13 

0 

8 

16 

0 

15 

17 

0 

16 

3 

0,16 

7 

0 

16 

12 

016 

17 

0 

17 

2 

0 

2 

18 

0 

16 

6 

0 

16 

11 

016 

16 

0 

17 

1 

0 17 

6 

0 

17 

11 

0 

S 

• 

0 

16 15 

0 

17 

0 

0.17 

5 

0 

17 

10 

o;i7 

15 

0 

18 

0 

.0 


Example, What is the price of a rod of brick- work, when the rateofbricks 
is £2 2t, per thousand, and the price of mortar £4 5s. per rod ? 

Look feom the given column of bricks until vou come tbx 

given price of labour and mortar, and you will 5nd £IB Ide^we pme of 
the rw. 
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CARPENTRY. 

This branch of building comprises the art of employing 
timber in the construction of edifices. 

The art of employing timber in building may be classed 
under two distinct branches. Carpentry and Joinery. 

Carpentry comprehends the large and rough description 
of work, or that which is requisite in the construction and 
stability' of an edifice ; and J^oinery, the fittings up and de-. 
corative work, so necessary to the completion of a building. 

Carpentry is, in general, valued by the cubical foot ; and 
joinery by the superficial foot. 

The principal operations which timbers hare to undergo, 
from the timq of their arrival in the carpenter’s yard to 
their final destination in an edifice, may be classed under 
two general heads ; those which respect individual prices, 
and those which respect their dependence on others. 

Under the former of these heads is the pit-saw, by means 
of which, whole pieces of timber are divided, and reduced 
into their respective sized scantlings. 

The term scantling implies dimensions in breadth and 
thickness, without any regard to length. 

\ Planing, is the operation by which wood is reduced to a 
smooth and uniform surface, by means of an instrument 
called a plane, which takes a thin shaving off the surface of 
the wood, as it is moved backwards and forwards in a 
straight line by the hands of the workmen. There arc, 
however, other operations of the plane besides that of re- 
ducing timber to an uniform and smooth surface, termed 
groovingf rebating, and moulding. 

(Grooumgr is forming a channd on the surface of a piece 
of wood, by taking away so much of the sdid as is of 
the shape and size of the groove required. 

JRabaHstg or reba^iag, is reducing a piece by taking away 
from t Win|jle8 ft priim'of the diape and size of the rabate 
require4>1ra as to form an internal angle, and generally a 
right Bi^le. This operation is fi^quenuy require in con- 
struing door cases, and the frames of casement windows : 
the i)ate, or groove, being intended as a ledge for the door 
<M:<CBsement to rest in. 

'The pijWBs being cut into their proper scantlings, the next 
elperatidi^ the joitdng them together. ' 
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In this department we shall treatrfirst, of the most approved 
methods of lengthening beams, l>y what is termed scarfing, 
or joining them in pieces; secondly, of the strengthening 
of beams by trussing ; thirdly, of the methods of joining, 
two timbers tiA angles, in any given direction ; and lastly, of 
the mode of connecting several timbers in order to com- 
plete the design, and to effect certain powers respectively 
rcqfiired by each individual piece. 

To lengthen a piece of timber implies the act of joining 
or fastening two distinct pieces, so that a part of the* end of 
one shall Tap . upon the end of another, and the surfaces 
. of both, being one continued plane, form a close joint, 
I called by workmen a scar/. It is manifest, that two bodies, 
joined together and intended to act as one continued piece, 
in a state of tension, or compression, cannot, by any possi- 
ble means, be so strong as either pieces taken separately. 
It, therefore, requires much attention, and careful discri- 
mination, in the choice and selection of such methods os 
are the most applicable to the peculiar circumstances o, 
the case. Every two pieces of timber joined in the manner 
thus described, and, indeed, in most other cases, require 
some force to compress them equally on each side, and 
more particularly when the pieces are light ; for this pur- 
pose iron bolts are used, which act as a tic, and possess the 
same effect as two equal and opposite forces would have in 
compressing the beam on each sidp the joint : and as the co- 
hesive power of iron is very great, the bol^ i^ich is made 
to receive the bolt, may be of such dimehsfd^ as will not, 
in'lhe'leasTdepee^ tend to diminish the strength of the 
timber. When wooden pins are used, the bore is larger, and 
the joints weaker; consequently the two pieces, thus con- 
■ nected, are not held together by any compression of the pin, 

- but merely by the friction of the individual pieces. 

No specific distance can be laid down for the length of the 
scarf, though, |n general, it may be observed, that,, a long 
scarf has but little effect in diminisbiBg the cohesive strength 
of a compound piece of timber ; on the contrary, it affonis 
an opportunity of increasing the number of bdlts. 

Fig. 55S shows the method of jowfaig two pieces of timber by means 

a singie step on each piece. 

ny this method more than one-half the power is lost.; and 
this scarf is not calculated to resist the^ force of tension 
equal to al single piece safl^ed half through its thltdcness from 
die opposite side, at a distance equal to the length of the 

2 o 
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scarf ; by the application 4>f straps^ however^ it may be made 
to resist a much greater force. 

Vig. 559 represents a scarf with parallel joints, and a single table upon 
. each piece. 

In this the cohesive strength is decreased in a greater 
degree than the preceding example, by the projection of the 
.table ; but this affords an opportunity of driving a wedge 
(through the joint between the ends of tne tables, and there- 
|by forcing the abutting parts to a joint. 

A scarf of this description to be longer than those which 
have no tables, and the transverse parts of the scarf, must 
be strapped and bolted. 

Fig. 500 presents us with the same opportunity of wedgrag as before. 

In this figure, if the parts LM and NO be compressed together by bolts 
as firmly as if they were but one piece, and if the projection of the tables 
be equal to the transverse parts oithe joints L and O, the loss of strength, 
compared with that of a solid piece, will be no more than what it would 
be at L and O. 

Strapping across the transverse part of the joint is much 
the best and most effectual way of preventing the pieces 
from being drawn from each other, by the sliding of the 
longitudinal parts of the scarf, and, therefore, giving to the 
bolts an oblique position. 

Fig. 501 is a scarf formed by several steps. 

In this, if all the transverse parts of the steps be equal, 
and the longitudinal parts strongly compressed by bolts, the 
loss of strength will only be a fourth, compared to that of a 
solid piece, there being four transverse parts, that is, the 
part which the end of the steps is of the whole. 

Fig. 508 is a scarf with a bevel joint, and equally as eligible for of* 
dinary purposes as any in use. 

Figs. 561 and 599. Scarfs intended for longer bearings than the pre- 
ceding one. 

Fig. 504i represents the method of constructing a compound timber, 
when two pieces are not of adequate length to allow them to lap, by 
inenns of a thinl piece joined to both by a double scarf, formed by several 
gradations or steps, the pieces abuttiug upon each other with the middle of 
the eonnectinfyiiece over their abutment. 

That yMm shall next claim our attention is a consider- 
ation of the principles and the best methods of strengthen- 
ing be&ins by trussing. 

Whan girders are extended beyond a certain length, they 
beiti4',iliider their own weight, and the degree of curvature 
tomfures in a proportion far greater than that of their 
leiqrths. The Imt method to obviate this saggings MJt is 
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termed, withoat the support of posts, fltc. is to mske the 
beam in two equal length, and insert a truss, so that liriien 
the two pieces ore confined together by bolts, the truss miw 
be included between them, and cause them to act os a tie. 
To prevent any unfitvourable results from natund tendency 
of the timbers to shimk, the posts of the truss may be made 
of iron, and screwed, and nutted at the ends ; and to give 
a still stronger abutment, the braces may be let in with 
grooves into the side of each flitch, or piece, which form 
the beam. The ends of the abutments are also made of 
iron, screwed, or nutted, at each of the ends, and bolted 
through the thickness of both pieces, with a broad part in 
the middle, that the braces may abut upon the whole di- 
mension of their section ; or, otherwise, the abutments are 
made in the form of an inverted wedge at the bottom, and 
rise cylindrically to the top, where they are screwed and 
nutted. 

These methods may be constructed either with one king- 
bolt in the middle, or with a truss-bolt at one-third of the 
length from each end. When two bolts are applied, they 
include a straining place in the middle. Hie two braces 
may be constructed of oak, or cast or vrrought iron ; but 
the latter material is seldom used : for, as all metals are 
liable to contract, wood is considered the best material. 
With respect to the bolts, iron is indispensable. 

The higher the girder is, the less are the parts liable to 
be effected by the stress ; and, consequently, the risk of 
their giving way under heavy weights, or through long bear- 
ings, is less. 

Figs. 565 and 566 are two examplat of girden calculated iroin their 
rise to sustain very heavy weights. If the tie beam be very strong, the 
abutments may be wedged ; but the wedges ought to be very long, end 
a little taper, that there may be no incunation to riae. Tbeexcess of 
lengdi may aftorwards he taken off. 

In joining two timbers together, in any given direction, 
the joinings, as practised by carpenters, are almost infinitely 
various ; and though some are executed with a view merejji 
to gratify Ae eye, the mcqority have decided advanta^P 
and each, in peculiar coses, to be preferred. In this 
treatise, our limits will not permit us to enter upon a de- 
scription of such as yield no substantial benefit, or are em- 
ployed only in connecting small work ; but, even in these, 
the sldll of the workman may at all times be discovered by bis 
selection of materials. It may here be observed, that, as 
all timba is eitiher more or less, aecording to the dryness, 

2o2 
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and the quality of the timber used^ subject to shrink^ the 
carpenter should very carefully consider hou^ much the di* 
mensions of his framings will be affected by it^ and so 
^arrange the inferior pieces that their shrinkage shall be 
in the same direction as the shrinkage of the framing, and 
so conduce to the greater stability of the whole. If this be 
not attended to, the parts will separate and split asunder. 

Two pieces of timber may be connected either by making 
both planes of contact parallel with or at right angles to 
the fibres, or by making the joint parallel with the fibres of 
the one piece, and at right or oblique angles to the other, or 
at obliciue angles to the fibres of both pieces. 

If two pieces of timber are connected, so that the joint 
runs parallel with the fibres of both, it is called a longitudi- 
nal joint ; but when the place of the joint is at right angles 
to the fibres of both, an abutting joint. Butting and mitre 
joints are seldom used in carpentry. 

When two pieces of timber are joined together at one or 
more angles, the one piece will .meet the other and form 
one angle, or by crossing it make two angles, or the two 
pieces will cross each other and form four angles. 

In all the following cases of connecting two timbers, 
it is supposed, that the sides of the pieces are parallel with 
the fibres, or, when the fibres arc crooked, as nearly so as 
possible ; and that each piece, the four sides being at right 
angles to each other, has at least oiie of its surfaces in the 
same plane with those of the other. The angle or angles 
so formed will be either right or obtuse. 

567, is an example of a notched joint, which is the most common 
and simple form, and, in some cases, the stron^eiit for joining^ two timbers 
at one or more angfles, particularljr when bolted at the joint. The form 
of the joint may be varied, according to the position of the sides of the 
pieces, the number of angles, the quantity and direction of the stress on 
the one or both pieces, or by any combination of their circumstancei. 
Notching admits two pieces to be joined at from one to four angles ; but 
joitiing by mortise and tenon admits only from one to two angles. 

« In joining bjr mortise and tenon, fouf sides of the mortise 
Ibttld, if possible, be at right angles to each oth^r, and to 
e sarfa(« whence it is recessed, and two of these sides 
parallel with each of the sides which forms a right angle with 
the side from which the mortise is made : the fifth plane, that 
is, the bottom of the mortise, is parallel with the top or sur- 
&ce from which the mortise is made. Four sides of the tenon 
abonld be parallel to the four sides of tbe piece; but tto« 
are many cases where a digression is nnaroidable. 
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Id the application of timbers to baildii^s, wC will here 
suppose, that all pieces cut for use have a rectangular sec- 
tion, and whdfa laid down, have their sides perpendicular 
to, and parallel with, the hofrizon. If two pieces of timbw, 
therefore, are to be joined at four angles, cut a notch in one* 
piece equal, to the breadth of the other, so as to leave the 
remaining part of the thickness sufficiently strong, and in- 
sert the other piece in the notch ; or, if the work is reqnir^ 
to be very firm, notch each piece reciprocally to each other's 
breadth, and fasten them together b^ pins, spikes, or bolts, 
fta the case may require. This form is applicable when the 
pieces are equally exposed to a strain. 

Fig. 568 will fully elucidate this description of joint. 

.The framing of timber by dove-tail notching is principsl- 
. ly applicable to horizontal framing, where the lower timber 
is sufficiently supported. Where the lower timW is unsup- 
ported it is common to use mortise and tenon, which does 
not materially weaken the timber ; but when the timber is 
notched firom the upper side, the operation reduces its thick- 
ness, and consequently impairs its strength, though, if the 
solid of one piece fill the excavation of (he other, and both 
be lightly driven or forced together, according to Du Hamel, 
it will, if not cut more than one third through, rather increase 
than decrease in strength. It may, however, be observed, 
that in large works, where heavy timbers are employed, it 
is difficult, and almost impossible, to fit the mortise and 
tenon with due accuracy } and even if the ^joints were closely 
fitted at first, the shrinldng would occasion cavities on the 
sides, that would render the tenons of no avail, because the 
axis of fracture would be nearer to the breaking or under- 
side of the supporting piece. What has been here said 
with respect to timbers placed horizontally, applies to fram- 
ing in every position^ when the force is to fall on the plane 
of the sides; and if a number of pieces thus liable to lateral 
pressure on either side, are to be mtoied into two other stiff 
pieces, the mortise and tenon will prove best for the purpose. 

If it be' required to connect two pieces of timber so as to 
form - two right angles, and to be immovable, when tW 
transveree is held or fixed fiist, and the standing piece palled 
in a direction of its length, cut a dove-tail notch across the 
breadth of the transverse piece, and notch out the vertical 
8i«I^ of the standing piece at the end, so as to form a si- 
tnflar and equal solid. In some kinds of work, besides the 
dov4'^* ^ addlrioi^ notch is cut to receive the shoulder 
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of the lower piecei If the position of these pieces he borl- 
sontal, and the ii{^er 'is ot sufficient weight, or is press* 
ed down by aiqr considerable force, when Ae pieces are 
'placed together, the dove- tail will be sufficiently^ strong 
mthout the assistance of pins, spikes, or bolts. This con- 
struction, requires the timbers to be well seasoned; for 
otherwise the shrinking will permit the standing piece to be 
drawn out of the transverse, and thus defeat the purpose of 
the construction. 

In introducing binding joists, which will, as. they have to 
support the biidging joists and boarding of the floor, be, 
framed into girders, there will be a considerable strain at 
the extremities, so that it is necessary, in order to make 
the tenons sufficiently strong, to have a shorter bearing te- 
non attached to the principal tenon, with a sloping shoulder 
above, called a tusk, which term is likewise applied to this 
tenon, called the tusk tenon. 

When two parallel pieces, which are quite immovable, 
are to have another piece framed between them, the prin- 
ciple is, to insert the one end of the traon of the piece to be 
framed in a shallow mortise, and make a long mortise in the 
opposite side of the other timber ; so that when the cross 
pmee is moved round the shoulder of the ether extremity as 
a centre, it may slide home to its situation. This mode of 
framing a transverse piece between two others, is employed 
in trimming in ceiling joists, which joists are seldom or 
never cut and fitted into the binding joists before the build- 
ing is covered over. The binding joists are always mortised 
before they are disposed in the situation to receive the cril- 
ing joists. 

When a transverse piece of timber is to be framed be- 
tween two parallel joists, whose vertical surfaces are not pa- 
rallel, turn the upper ed^ of the transverse piece downwards 
upon the upper horizontal surface of the joists, fhark the in- 
terval, or distance between them, upon the snrfkce of the 
transverse piece now under ; then placing the edge over the 
place where it is intended to let down, turn the transvmrse 
pmee in the Way it is intended to be fiamed,'apply a strai^t 
OTge to the oblique Snrfoce-of the joist, and slide the trans- 
verse piMe so ss to bring the mark on the upper side of it on 
a line with the straight edge, which being done, proceed 
in the same manner with the other mid, and the 'two Ihies 
drawn on the vertical sides of the intermediate piece win 
j^ve the shoulders of the tenons. This act of munii^ a 
ttaiMiverse joist between two others is termed tanMhig As 
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joists ; and is p^ticularly useful when the timber is warped 
or twisted. 

In order that the reader may the more fully understand the 
pi*eceding^ description of the joinings of timbers^ we liave* 
annexed a* plate (to which the subjoined description refersj 
of the best methods liow in practice. 

/ Fie^. 4Sfr No^ 1 and 8, and S and 4. exhibit two methods of a simple 
joint, where the twopieces are halved upon each other ; in both of which 
the end of one piece does not pass the outer surface of the other. No. 8 
and 4 represent the two nieces before put tog^cther. 

Fig*. 5S8, is a method of joining timber, when the end of one piece 
passes the end of the other at a small distance. No. 1 represents the 
pieces before joined. 

Fig. 569 shews how two pieces may be joined hj what is termed a 
mitre.-— In this case, the two pieces should be fixed to another by a bolt at 
right angles to the mitre joint. 

^ Fig. 570. How one piece of timber may be joined to another, when one 
of tlie pieces is extended on both sides of the other piece. Nos. 1 and 9 
show the pieces before put together. 

Fig. 571 shows the manner of joining^ the binding joists and giirders. 
No. 1. The binding joist prepared for being joined to the girder. 

Fi^. 578 is the general and most approved method of framing the rafter 
foot into the girder. 

Fig. 573 is a section of the beam, shewing the different shoulders of 
the rafter foot. 

Fig. 574 is another example, preferable to the former, because the 
abutment of the inner part is better supported. In this the beam, when 
no broader than the rafter is thick, may be weakened, in which case, it 
would require a much deeper socket than is here given ; and perhaps an 
Advantage would be gained by introdu€in|f a joint like fig. 575. 

Fig. 576 is the method of introducing &on straps to confine the foot of 
the rafter to the tie-beam. 

When it is found necessary to employ iron straps for 
strengthening a joints considerable attention is required to 
place them {iroperly. The first thing to be ascertained is 
the direction of the strain. We must then endeavour, as 
near as we can, to resoh'e this strain into a strain parallel 
to each piece, and another perpendicular to it. Then the 
strap which is to be made fast to any of the pieces, must be 
so fixed that it shall resist in the direction parallel to the 
piece. 

The strap which is generally misplaced, is that whi<;^ 
connects the foot of the rafter with the tie- jeam. It binds 
down the rafter; but does not act against its horizon- 
tal thrust. It should be placed farther back on the beam, 
and have a bolt through it, to allow it to turn round ; and 
8iM)uld embrace the rafter dmost horizontally near the foot^ 
and be notched square with the back of the rafter. The 
example given in No. 10 combines these requisites. By 
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moving round the c^e-bolt, it follows the rafter, and can • 
not pinch and cripple it, which it always does in its ordi- 
nary form. Straps which have ^e-bolts on the very angles, 
and allow motion round them, are considered the most 
perfect. 

Vig. 577 exbibita two methods of eonnecting the struts of a roof, or par> 
titiun, &c, with the king-post. , 

If the action of a piece of timber on another does not ex- ' 
tend, but compress, the same, there is no difficulty whatever 
in the joint, indeed joining is unnecessary: it is enough 
that the pieces abut on each other ; and we have only to 
take care that the mutual pressure be equally botne by all 
the parts, and that no lateral pressure, which may cause 
one of the pieces to slide on the butting joint, be produced. 
At the joggle of a king-post, a very slight mortise and 
tenon, with a rafter, or straining beam, is sufficient. It is 
generally best to make the butting plain, bisecting the angle 
formed by the sides, or else perpendicular to one of the 
pieces. For instance, the joint a is preferable to 5, and, 
indeed, to any uneven joints, which never fail to produce 
very unequal pressures, by which some of the parts are 
crippled, and others splintered off. 

Fig. 578 U the method aecuring the tie-beam and principals, when 
the king-poat is made of an iron rod. .. 

Fig. STSehowe a method of joining the prineipale with the king-post b}r 
means of an iroudove-tml, which is received in a mortise at the head of 
each principal. 

Trusting that the reader will be able, from the above de- 
scription, to comprehend the best methods of joining tim- 
bers, we shall next proceed to describe the modes of con- 
necting several timbers, in order to complete the design, 
and to effect certain powers respectively required by each 
individual piece. 

In framing centres for gpx>ins, the boarding which forma 
the interior surface is supported by transverse ribs of tim- 
ber, which are either constructed simply, or with trusses, 
according to the magnitude of the work ; and, as a groin 
consists generally of two vaults intersecting each other, one 
of them is always bom’ded over the same as a plmn vault, 
without any respect to the other, which is after>vard8 ribbed 
and boarded so as to make out the regular surface. 

Timbers inserted in walls, and at returns, or angles, are 
joined together where the magnitude of'the building or ex- 
posure to strain may require. There ate three denomi- 
nations, viz. bond timber, lintels, and wall-plates.^ 
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Tlooriog is supported by one or more rows of parallel 
beams^ called naked^ or catcase Jtooring^ and is denominated 
either single or double. During the construction of the 
buildings the flooring, if not supjiorted by wrils or parti- 
tions, must be shored. The framing of flooring, whether 
single or double, depends upon the magnitude of the build- 
ing, the horizontal dimensions of the apartments, or the 
stress with which. the surface of the boarmng is likely to be 
affected. When the flooring is intended to be very stiff and 
firm, it is necessaiy to introduce truss girders. Naked 
flooring, for ball-rooms, should be framed very strong, and 
the upper part contrived with a spring, to bend with the im- 
pression of the force, while the lower part, which sustains 
the ceiling, remains immovable. 

^Partitions are constructed of a number of pieces of tim- 
ber, called scantlingj placed vertically, at a specified dis- 
tance from each other, dependent on the purposes for which 
it is intended to answer. If to support girders, they should 
be trussed, and afterwards filled in with parallel pieces, 
called studs. 

The framing ought to be so contrived, as to supersede the 
necessity of hanging up the floor, in whatever situation the 
doors may be placed. Truss partitions are also of the 
greatest utility in supporting floors which are above them. 

The rafters which support the covering in a roof are sus- 
tained by one, two, or several pieces of framing, called a 
pair ofprindpals^ placed at right angles to the ridge of the 
roof. In roofing, many ingenious contrivances are resorted 
to, their application depending upon the pitch of the roof, 
the number of compartments into which it may be divided, 
and the introduction of tie-beams. In cases where apart- 
ments are required to be within the framing of the roof, 
and it is inconvenient to introduce tie-beams, the sides of 
the roof may be. prevented from descending, by arching them 
with cast-iron, or trussing them with wood in the inclined 
planes of their sides. To restrain the pressure of the raf- 
ters, which would be discharged at the extremities of the 
building, a strong wall-plate, well connected in all its parts, 
must be introduced, to act as a tie, and prevent the lateral 
pressure from forcing out the walls. 

In this construction, as well as in the former, the rafters 
would have a tendency to become hollow, so that it is 
necessary, in order to counteract this tendency, to introduce 
straining beams at convenient heights ; and if it be requisite 
to occupy very little space by the wood-work, cast-iron 
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arches, abutting upon each other, and screwed with their 
planes upon the upper sides of the rafters, are best adapted 
for the purpose. If this and the former principle were adopt- 
ed, the combined effect would be veiy , • 

We shall how ptesent the reader a i^vif.-prliciicd ob- 
servations. 

Umber, except it stand perpendicular the ho^son, is 
much weakened by its own weight. Ihe bending of timber 
is nearly in proportion to the weight laid .on it. No beam 
ought to.be trusted for any long tiipe, with above ope-third 
or one-fourth part of the weigl^t it will absolutely carry ; 
for experiments prove, that a far less weight will break a 
piece of timber when hung to it a considerable time, than 
is sufficient to break it when first applied. 

The strain occasioned .by puUing .ti.mbct in die direction 
of its length, is called tension. It ^cquently occurs in roofs, 
and is therefore worthy of consideration. 

The absolute strength of a fibre, or small thread of tim- 
ber, is the force by which, eycry pwt of it is held together, 
and is equal to the force that would be required to pull it 
asunder. The force required to tear any number of threads 
asunder, is proportional to that of their sum ; but the arcus 
of the sections of two pieces of timber, composed of fibres 
of the same kind, are as the number of fibres in each; 
therefore, the strength of the timber is as the areas of the 
sections. -Hence all prismatic bodies are equally strong ; 
that is, they will not break in one part rather than in another. 

Bodies which have unequal sections, will break at their 
smallest part ; therefore if the absolute strength required to 
tear a square inch of each kind of timber te known, we 
shall be able to determine the strength of any other quan- 
tity whatever. 

The wood next to the bark, commonly called white or 
bleat is also weaker than the rest : and the wood gradually 
increases in strength as we recede from the centre to the 
blea. 

The heui of -a tree isnever in its centre, but always near- 
er to the north side, and on that side the annual coats of 
wood are thinner. In conformity to this, it is a general 
opinion among carpenters, that that timber is strongest 
timose annual plates ate thickest. The Trachea, or atr- 
vesaela, are weaker than the simple ligneous fibres. These 
air-vessels nudee the separations betweea the annual plates, 
and are saime in diameter, apd number of rows, in 
all trees of Uie same species ; consequently, when these 
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are thicker, they contain a greater proportion of the iinaple 
ligneous fibre* 

The wood is stronger in the middle of the trunk than at 
the springing of the branches, or at the root ; and the wood 
of the bran^es is weaker than that of the trunk* 

The part of the tree towards the north, in the Buropean 
•climates, is the weakest, and that of the south side the 
strongest : and the difference is most remarkable in hedge* 
row trees, and such as grow singly. 

All description of wood is more tenacious while green ; 
and loses very considerably by drying, after the tree is 
felled. 

We shall now conclude these remarks with the follow- 
ing useful problem* 

Fisr- To cut the 8trongeB||besm poBsible out of a round tree whose 

section is a g^iven circle. Let ab e dht the section of the tree ; draw 
the diameter e h, divide it into three equal parts* e and /, and from one of 
them, as f, draw /o perpendicular to the diameter c b ; draw ab and 
a a and d c, and ab c di% the strongest piece that can be cut out 
of the tree* From this it ts manifest, that the stronjjfest beam which can be 
cut out of a round tree, does not contain the most timber, for the greatest 
rectangle that can be inscribed in a circle is a square, and therefore the 
square ghi k is greater than the rectangle abed, and yet is not the 
strongest. 

Fig. 581. Plan of a iloor.-^l. Girder resting upon the walls*--^. Bridg- 
ing-joists. — 3. Binding-joists, — 4. Trimmers. 

Nos. 1 and 2, sections of the floor. 

Fig. 582. A trussed partition with an opening in the middle for folding 
doors. — 1. Head. — 2. SiU.—- 3. Posts. — 4. Braces. — 5. Studs.— 6. Door- 
head. — ^This partition, as may be seen, suppoi^ts itself. 

Fig. 583. A simple trussed roof. 

DVFtNITIONS* 

WalUplaHHi pieces of timber laid on the wall, in 
order to distribute equally the pressure of the roof, and to 
bind the walls together* They are sometimes called raising 
plates. 

J^e^beam ; a horizontal piece of .timber, connected to 
two opposite principtd rafters j it answers a two-fold pur- 
pose, viz. that of preventing the Wfdls from being pushed 
outwards by the weight of the covering, and of supporting 
the ceilii^ of the rooms below* When placed above the 
bottom or the rafters, it is cidled a colkn^beam. 

Principal rafters ; two pieces oT timber in the sides of 
the truss, supporting a mted frame of timber over them, on 
which the covering or riating rests. 

Purlims $ Imrizontal pieces ci timber notched on the 
principal rafters. 
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Common rafters; pieces of timber of a small section, 
placed e(iuidistfintly upon the purli*»eK, and parallel to the 
principal rafters : they support the ooarding to whicli the 
slatin^^ is fixed. 

Pole-jUates ; pieces of timber resting on the ends of 
the tie-beams, and supporting tlie lower ends of the com- 
mon raftci's. 

King-^post ; an upright piece of timber in the middle of 
a truss, framed at the upper end into the principal rafters, 
and at the lower end into the tic-beam ^ this prevents the 
tie-beam from sinking in the middle. 

Stmts ; oblique straining pieces, framed below into the 
king-posts, or <iueen-posts, and above into the principal raf- 
ters, which arc supported by them ; or sometimes they have 
their ends framed into beams, that are too long to support 
themselves witliout bending, th<?y arc often called braves, 

Otlicr pieces of timber are introduced in roofs of a greater 
span ; which w’e shall here describe. 

Queen-posts ; two ujiright pieces of timber, framed be- 
low into the tie-beam, and above into the principal rafters ; 
placed cquidistantly from the middle of the truss, or its 
extremities. 

Puncheons ; short transverse [licces of timber, fixed be- 
tween two others for supporting them equally; so that 
when any force operates on the one, the other resists it 
equally ; and if one break the other will also break. These 
are sometimes called staffs. 

Straming-beam ; a pfece of timber placed between two 
others, called queen-posts^ at their upper ends, in order to 
witlistand the thrust of the priiici|.\.i rafters. 

Strut ning-eill ; a piece of timber placed upon .the tic- 
tK'ain at the Ixittom of two (luceii- posts, in order to with- 
stand the force of the braces, which arc acted upon by the 
weight of the covering. 

Camber- beam ; horizontal pieces of timber, made on the 
upper edge sloping from the middle towards each end in 
ail obtuse angle, for discharging the water. They are placed 
above the straining-beam in a truncated roof, for fixing the 
boarding on which the lead is laid ; their ends inin three or 
four inches above the sloping plane of the common rafters, 
in order to form a roll for fixing the lead. 

Auxiliary rafters ; pieces of timber framed in the same 
vertical plane with the principal rafters, under, and parallel 
to them, for giving additional support. They are sometimes 
called principal braces^ and sometimea cushion rafters. 
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Jogffles; the joints ut the meetings of stmts, with king- 
posts, (piccn-posts, or principal raftei’s ; or at the meeting 
of principal rafters with king and queen- posts ; the best 
form is that which is at right angles to the struts. 

Cocking^ or Cogging ; the particular nianuer of fixing the 
tie-beams to the wall-plates. 

There are a variety of roofs differing in form, according 
to the nature of the plan, and tl: law of the horizontal and 
vertical sections. 

The most simple form of a roof is that which has only 
one ro\/ of timbers arranged in an inclined plaiuv and 
throws the rain entirely on one side. This dcscri[)tion of 
roof is termed a shed-roof^ or lean-to. 

If (he plan of the roof be a trapezium, and the tops of 
the walls properly levelled, the; roof cannot be executed in 
plane surfaces, so as to terminate in a level ridge; con- 
sequently, the sides, instead of being planes, arc made to 
wind, in order to have the sunimit parallel to the horizon ; 
but the best plan is, to make the sides of the roofs planes, 
enclosing a level space or flat, in the form of a triangle or 
trapezium, at the summit of the roof. Roofs wliich are flat 
on the top, arc said to be trnneated : they arc chiefly em- 
ployed will) a view to diminish the height, so as not to pre- 
dominate over that of the walls. 

If all the four sides of the roof arc formed by inclined 
planes, it is said to be hipped^ and is therefore calli;d a 
hipped- roof ; and the inclined ridges, springing from the 
angles of the walls, are called' 

Roofs on circular bases, with all their liorizontal sections 
circular, the centres of the circles being in a straight line, 
from the centre of the base perpendicular to the horizon, 
are called roofs of revolution or revolved-roofs. 

When tlic plan of the roof is a regular polygon, circle, 
or an ellipsis, the horizontal sections being all similar to the 
base, and the vertical section a portion of any curve, which 
is convex on the outside, the roof is called a dome. 

In roofs of rectangular buildings, when a saving of ex- 
pense is of consequence, ipstead of a lead flat, which 
must be covered with lead or copper, a valley is introduced, 
which makes the vertical section in the form of the letter M, 
or rather an inverted W f hence it has obtained the name 
of an M roof. 

The pilch of a roof, or the angle w'hich its inclined side 
forms with the horizon, is varied according to the climate 
and the nature of the covering. 
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The inhabitants of cold countries make their roofe very 
high ; and those of warm countries, where it seldom rains 
or snows, very flat. But even in the same climate the pitch 
of the roof is greatly varied. Formerly the roofs were 
made very high, probably with the notion that the snow 
would slide oft' easier; but where there are parapets, a higli 
roof is attended with very bad eflFccts, as the snow slips 
down and stops the gutcers, and an overflow of water is 
the consequence ; besides, in heavy rains, the water descends 
with such velocity, that the pipes cannot convey it away 
soon enough to prevent the gutters from being overflowed. 

Tlie height of roofs at the present time is very rarely 
above onc-third of the span, and should never be less than 
one-sixth. The most usual pitch for slates is that when tlie 
height is one-fourth of the span, or at an angle of 26 a de- 
grees with t’nc horizon. Taking this as a standard, the fol- 
lowing table will show the degree of inclination ivhich may be 
giveu for other materials : — 


Kind of covering. 


Inclination Height oi 
to the hori roof iu Weight upon a 

son in dc parts of square of rooAng> 
green. Span. 


iDeg. Min. 


Copper or lead .... 

3 

so 

t’t 

Slates huge 

23 

0 

i 

Ditto ordinary 

26 

33 

i 

Stone slate ....... 

29 

41 


Plain tiles 

29 

41 

nr 

Pun>tiies 

21 

0 

7 

'riiaicli of htrau, ri'oils. 

‘ifi 


i 


r copper iOO 

t lead 700 

llt*0 

' from 900 

to 500 

2380 

1780 

650 


A roof for a span of from 20 to 30 feet may have a trn.ss 
of the form shown in Fig. 5H3. Within tliis limit, rl>e pnr- 
lines do not become too wide apart, nor the points of siiji- 
port of the tiobcaiii. 

For spans exceeding 30 feet, and not more than 45 feet, 
the truss shown in Fig. 584 is well adapted. Each piirline 
is supported, consequently, there arc no cross strains on V^c 
principal rafters ; and the points of support divide the tie- 
beams into three comparatively short Ik arings. Tlie snej- 
ging, which usually takes place* from the shrinking of the 
lieads of the qncen> posts, may be avoided by lei ting the end 
of the principal rafter abut against the end of the straining 
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beam A, and notching pieces and bolting Ihein together in 
pairs at each joint. 

Wicn the span exceeds 4^3 feet, and is not more than 60 feet, the truss 
slitiwn ill Fitr. 585 is sufficiently struiij? for the purpose, and leaves a roii- 
sitlerable dei^rec of free spare iii the mitWle. For this span the tie-beam 
will most likely require* to be scarfed, and as the bearing* of that portion 
of the tie-beam between a and A is short, the scarf should be made there, 
'riie middle part of the tie-beam may be made stronger by bolting the 
straining oill c to it. 

It often occurs, that the centre aisles ornaives of churches 
arc higher than the side aisles ; a similar effect, as when tlic 
tie-beam continues through, may be produced by eoiincct* 
ing the lower beams to the upper one, by means of braces, 
so that the whole n)ay be as a single beam. To illustrate 
til is mode of construction, we have given a design fora roof 
of a cliurch, somewhat similar to St. Martin's in the fields, 
ijOiidon. 

Fig. 5S6, the lower ties, A A, arc so eonneeted with the prinripal tic- 
heani, B, by means of the braces, a, a, that the foot of the principal raf- 
ters, c, r, cannot spread without stretehing the tie-beam, B. I'hc iron 
rods. A, A, perfurin the office of king-posts to the ties, A, A, and are much 
l)€iter than timber, in consequence of the shrinkage, which in this situa- 
tion would be very objcctionabfe. 

Fig. 587 is a design for a roof of a church, or other building, requiring 
a semicircular arched ceiling. 

Dof7ies derive tlicir names according to the plans on 
which tlicy are built, circular, elliptical, or polygonal : of 
these, the circular may be spherical, spheroidal, ellipsoidal, 
liyperboloidal, paraboloidal, &c. Those which rise higher 
than the radius of the base, arc called mrmounted domes ; 
those that arc of a less height than the radius, dimmished^ 
or stu'hased', and such as have circular bases, cv2)ohts. 
The most usual form for a dome is the spherical, in which 
case, the plan is a circle, and the section a segment of a 
circle. 

The top of a large dome is often finished with a lantern, 
supported by the framing of the dome. 

The interior and exterior forms of domes are seldom 
alike, and in the space between them, a staircase to the 
lantern is usually made. According to the space left be- 
tween the external and internal domes, the framing must 
be designed. Somctiiiics the framing may be trussed with 
ties across the opening ; but generally the interior dome rises 
so high that ties can not be obtained. 

Fig. 5SS. No. 1, shows the ronstnu’tinn of a dome without tics. This 
is the most simple method, and one whirh is particularly applicable to 
domes of ordinary dimen -.ioiis, I'his exaiiiple consist ts in placing si num- 
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f)cr of curved ribs, bo that the lower ends stand upon and are well framed 
into the kirb at the base, and the upper ends meet at the top, or arc 
framed into the upper kirb on which the lantern is placed. 

When it occurs, as it generally docs, that the pieces are 
so long, and so much curved, that they cannot be cut out of 
limber without being cut across the grain, so much as will 
weaken them, they should be put together in thicknesses, 
with the joints crossed, and w^cll bolted together. 

No. 2, shows the ribs fixed, and bolted together, with liori/ontal rafters 
to rereive the boarding <m the exterior, and the laths on (he interior. 
IMiese ribs should be plaeed about two feet, or two feet six inehes apart 
at the base, and be composed of three or four thicknesses of one and aliaif 
iiieh-deal, about 11 <»r 13 inches wide, winch, w’hen earefuHy bolted 
together with the jointH judiciously broken, will stand cxccediiigly firm 
and well. 

To construct the ribs of a spbcrical dome, with eight 
axal ribs, and one purlinc in the middle. 

(Fig. 589.) No. 1. Let AB(^DK be the plan of half the dome, which di- 
vide into four equal parts at BCD and F, these points <d‘ division will 
mark the centre of the b.ick, or convex sides of the rih^. 'iMn-; beinc: done, 
let B 5, Cc, D fl, be the plans of these ribs, with the points (>f division 
in the eentre. F, G, H, I, K, are the seats of the upper ends of flip ribs ; 
on the upper kirb draw .r y, No. 3, parallel to AK, then friun tiie dif- 
ferent scats of the ribs on the plan draw perpendieiilars cutting .r y. 
Draw the cill, x y, its intended thickness, and com])lete the elevation of 
the front and hack ribs. The front ribs arc quadrants, forming a semi- 
circle on the upper side of the wall-plate, whieh, of eoiirse, is the diame- 
ter. The curves <»f the sides of each of the other ribs are the quad ranis 
of an ellipsis of the same height with the front rib. Place the purlines 
ill their intended situation, and having drawn the elevation and plan, as 
shewn by the dotted line, the construction is complete. 

The ribs of an elliptical dome are found precisely on the 
same principle. 

Given the plan of a polygonal dome, and one of the axal 
ribs, at right angles to one of the sides, to find the curve of 
the angle rib and the covering. 

Fig. 590. Let A, B, C, D, E, F, G, H, be tlie ]>lan of an oetangular 
polygonal dome, and rah the given rib ; pnalnce c a to d, divide the 
curve line a BA h into any number of equal parts, the more the better, in 
this case four, 1, 3, 3, h, which extend on the line a d ; the first from a 
to 1, the second from I to 3, &c.: from the points of division, 1, 3, a, />, 
draw lines parallel to B e, cutting C c, and from these points draw lines, 
parallel to e d, or at right angles to B e, and through the points, 1, 3, .S, 
draw k it m n, o p, and tracing a eiirvc through the points </, p^ n, I C, 
and making d o m k B similar, then the space comprehended between the 
curve Hues dB e \ and the side BC of the plan, will give the form of the 
whole covering, for each side of tlie dome. 

• 

To find the hip- line of the angle-rib, whose base is C c. 

Draw C£, 2 e. If, at right angles to C c, and moke CE e<}iial to c6« 
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2 e equftl 8S, And 1/ equal to 1, 9, &o. and trace the curve through thet« 
points, and it will s^ive the angle-rib. 

The method of covering spherical domes is, to suppose 
them polygonal, and the principle llie same as the^lbn’going 
operation for an octangular dome. 

A 7iic/ie, in carpentry, is the wood-work to be latlied over 
for plastering. The general construction of niches is witli 
cylindrical l)acks and spherical heads, called cyUndro-spheric 
niches ; the execution of which depends upon the principles 
of spheric sections. 

As every section in a sphere is a circle, and that section 
passing through its centre is equal, and tfie greatest that 
can be formed by cutting the sphere ; it is evident, that if 
tlic liead of a niclic is intended to form a spherieal surfaci^ - 
tlic ribs may be all foi*med by one mould, wliosc curvature 
must be equal to that of the greatest circle of the sphere ; 
viz. one passing through its centre ; but the same Kpherieiil 
surface may, though not so eligible, be formed by ribs of 
wood, moulded from the sections of lesser circles, in a 
variety of ways. 

The reason why these latter splierical surfaces arc not so 
eligible as those of greater circles is, because their dispo- 
sition for sustaining the lath is not so good, and the trouble 
of moulding them to diflcreiit circles, and of forming the 
edges according to diflereiit bevels, in order to range thorn 
in the spherical surface, is very great, compared with those 
made from great circles. 

Tnc disj^ositioii of the ribs of niches is generally in a 
^rtical plane, parallel to each other, or intersecting each 
other in a vertical line. When the line of intersection 
passes through the centre of a sphere, all the ribs are great 
circles ; but if the line of intersection does not pass through 
the centre of the sphere, the circles which form the sphe- 
rical surface arc all of different radii. When tlic ribs arc 
fixed in parallel vertical planes, their disposition is either 
parallel to the face of the wall, or parallel to a vertical 
plane, passing through the centre of the sphere, perpendi- 
cular to the surface of the wall ; but this method is not so 
eligible for the purposes of lathing. 

Another method is, by making the planes of the ribs pa- 
rallel to the horizon : this is not only attended with great 
labour in workmanship, but is incommodious for lathing. 
ITie various positions in which the ribs of a niche may be 
placed, are very numerous | but the regular positions,* al* 

2 y 
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ready eiuimerated^ ought to be those to which the carjieDter 
should direct his attention. 

To get out the ribs for the head of a niche, all of them being 
in vertical planes passing through the centre of the sphere. 

Fitf. 5m, No. 1. From tin; centre C draw tlic ground-plan of the ribg, 
and set out as ituiiiy ribs upon the plan as you intend to have in the head 
of the niche. With the foot of your compasses in C, and from the ends of 
each rib, at k and f, draw the small concentric dotted circles round to the 
centre rib, at o and/i, and draw o m, and p n, parallel to a 5, the face of 
the wall ; then from r round to « on the plan is the length and sweep of 
the centre rib to siarid over ; and from n round to s the leiig-th and curve 
of the rib that stands from 6 to ^ ; and from m round to s, the curve of 
the shortest rib, that stands froin k to h on the plan. 

How to find the bevel of the ends of the back ribs against 
the front rib. 

The back ribs arc laid down distinct by themselves, at AB and C from 
the plan. Take h 1, in No. 1, and set it to b 1, at B, draw the perpeu-^ 
dicuiars, and when they intersect the rih, it will show the bevel reepdred. 
The same operation being dune to C, the bevel is found in the same manner. 

The places of the back-ribs when fixed upon the front- 
rib are ascertained by drawing perpeiiu culars, and com- 
pleting the elevation of the niche No. 2 from the plan. 

To find the radius of curvature of the ribs of a spherical 
niche, when the ribs all meet in a vertical line, which di-- 
rides the front rib into two equal parts. 

Fig. 593, No. 1. Complete the circle, of which the inside of the plan is 
an arc ; produce the middle line of the plan of any rib, as of a h, to meet 
the opposite side of the circumference in b ; on the whole line a 5, as a 
diameter, describe a semicircle, and from the point c, when the ribs in> 
tersect, draw a perpendicular to e d, to meet the arc a dafid, which arc 
18 the curve of the rib, whose seat is d. The other rib, as aD, is foifl||l 
in the same manner. No. 2 is the elevation of the niche. 

Pendentive cradling, is a cove bracketing, springing from 
the rectangular walls of &n apartment upwards to the ceil- 
ing, so as to form the horizontal part of the ceiling into a 
complete circle or ellipsis. 

The proper criterion for such bracketing, if the walls are 
out by horizontal planes through the coved parts, is, that 
all the^fcctions through such parts will be portions of cir- 
cles, or of ellipses, and have their arcs proportioned to the 
sides of the apartment, so that each section will be a 
compound figure. Besides having four curvilinear parts, it 
will have four other parts, which are portions of the sides 
of the rectangular apartment : and the axis of the ellipsis 
will bisect each side of the rectangle. 

Fig. 503. Let ABQD be the plan of a roonii or fitair-case, to be brack* 
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eted» lo M to fofm tlie fltitface of a pendent! ve ceniii| 9 f ; and let A & e D be* 
the section across the diagonal ; it is required to find the curvature of the 
springing ribs ? 

0ra«r C rf perpendicular to AC, meeting AC, take the distance from C 
to the line AC, and set it from Con the line CA, and from this point draw 
a perpendicular to meet the curve A I e Dof the diagonal rib ; make the 
Tcrsia sine of the segment A C equal to this perpendicular, and deacrihe 
the segment A t/ C, which is the springing line required. If from the 
centre C an arc be discribed, with a radius equal to the length of the seat 
of a rib, to meet the seat of tlic diagonal rib AD ; apd, if from the point 
of meeting a perpendicular be dra'wh to meet the curve A A, the portion of 
the arc of the diagonal rib, intercepted between A and the perpendicular, 
will give the length of the rib, corresponding to the scat which was takei,. 

Fig. 594. The diagonal rib is a semicircle: the operation is* exactly th^ 
same, and may be described in the same words. 


MENSURATION OF CARPENTERS^ WORK- 

All large and plain articles in which an uniform quantity 
of materials and workmanship is expended^ are generally 
measured by the square of 100 superficial feet. 

Piles used in the foundations are valued at per piece^ and 
driven by the foot run, according to their diameter^ and 
the quality of the ground. 

Keepers and planking are measui*ed by taking the super* 
ficial contents in yards or squares. 

Plain centreing is measured by the square ; but as the 
ribs and boarding are two different qualities of woi:k, thqr 
ought to be measured and valued separately ; one dimension 
of the boarding being taken by girting it round the arch, 
the other being the length of the vault. 

Centreing for groins should be. measured and valued as 
common centreing; but in addition thereto, the angles 
should be paid for by the foot run, that is, tUtb ribs and 
boarding ought to be measured and valued separately, ac* 
cording to the exact superficial contents of each ; and the 
angles by the lineal foot for workmanship, in fitting the 
rib and boards, and for the waste of wood occasioned by 
the operation. 

Wall-*^lates, lintels, and bond-timbers, arc measured by 
the cubic foot, under the denomination of fir-in-bond. 

Naked flooring may either be measured* b^the square, 
or by the cubic fbof, according to the descriptiofi of the 
work, and the quantity of timber employed. In forming 
ah estimate of its value, it should be observed, that in e^ud 
cubic quantities of small and large timbers, the small tim'^^ 

2 p SI 
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bers will have more superficies than thc^ lar^ onw, 
therefore, the saving will not be in a ratio with the soiiu 
contents ; consequently the value of the workmanship will 
not follow the cubic quantity, or said ratio. The difficulty 
of handling timbers of the same length increases with the 
weight or solidity, as the greater quantity requires greater 
power to handle it, and consequently more time. 

In naked flooring, where girders are introduced, the uni- 
formity of the Work is interrupted by mortises and tenons, 
so that the sum ascertained by the cnbic quantity of the 
girders, at the same rate per foot as the other parts^ is not 
sufficient ; not only on account of the great difference of 
size, but the great disparity in the Quantity of workman- 
ship, occasioned by its being cut full of mortises to receive 
the tenons of the binding-joists ; the best method, there- 
fore, to value the labour and materials is, to measure and 
estimate the whole by the cubic quantity, and allow an addi- 
tional rate upon every solid foot of girders ; or, if the bind- 
ing^joists are not inserted in the girders, at the usual dis- 
tances, a fixed price for every mortise and tenon,, in pro- 
portion to their size, which will keep a ratio with the area 
of the end of the girder. 

Partitions may be measured by thc^ cubic feet ; but the 
cills, top-pieces, and door-heads, should be measured by 
themselves, according to the solid quantity, at an additional 
rate ; because, both the uniform solidity, and the uniform 
quantity of workmanship are interrupted by them. In 
trussed partitions, the braces should be rated by the foot 
cube, at a superior price to that of the quartcririgs, for the 
trouble of fitting the ends of the uprights upon their upper 
and tower sides, and for forming the hutments at the ends. 
. The timbers in roofing should be measured by the cubic 
foot, classlQ as the difficulty of execution, or as the waste 
occasioned, may require. 

Batten ing to walls is best measured by the square, ac- 
cording to the dimensioDS and distances in the clear of the 
battening. 

It would be endless to enumerate the various ^lcthods 
of measuring each particular species of carpenters’ work ; 
the leading articles only need her noticed. 

When tTC shell of a building is finisted, that is, previous 
to the floors being laid, or the cdlings lathed, all the timbers 
should be measured^ that no doubt may arise as to the actual 
scantlings of the timbers, or of the description of the work- 
manship. In taking dimensions it must be observed that. 
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ati pieces which have tenons^ must be measured to the extre- 
mities of the tenons. ^ 

It is impossible to determine on any proper rate, includ- 
ing bo^ materials and workmanship, as the one may be 
stationary, while the other is variable. With respect to 
materials, ttie value of au]^ quantity^^ may be easily ascer- 
tained, whatc^yer be the pr^pe per load ; but the difficulty is 
far .^eater in fixiiig proper rates of workmanship ; however, 
were the time of executing every species of work known, 
there would be no difficulty in establishing certain uniform 
quantities, which would give the real value. 


JOINERY. 

Is the next branch of art which comes under our con- 
sideration, and comprises the practice of employing wood in 
the external and internal finishings of houses. 

In the execution of this branch of building, it is almost 
unnecessary to observe that, as joinei*y is employed princi- 
pally by way of decoration, and is liable to close inspection, 
it is one of the departments which demands the strictest 
care and attention in the workmen; and it rcquii^s the 
greatest ingenuity, skill, and experience, to become fully 
master of eveiy subject under the joiner’s corisidcratimj. 

The first and most important thing to be attended to, is 
the judicious selection of materials ; as, without a stHct ob- 
servance of this particular, the care, ingenuity, and ex- 
ertions of the workman will be wholly frustrated. 

As the temperature of the atmosphere has a great influ- 
ence on wood, and more particularly in the winter sea- 
son, it would be advisable to put that which is to be 
used in fine work over an oven for a day or two. In the 
difierciit descriptions of joint used by the joiner, a hot 
tenacious liquid, called is almost universally used, and 
when applied, the two surfaces of the wood, which have been 
previously rendered smooth, are rubbed together until the 
glue is nearly all forced out. One piece is then set to its 
situation with respect to the other. 

IFor outside work, such as gates, doors, &c. iv^hite-lead is 
used in all the joints. 

When a frame, consisting of several pieces, is required, 
the mortises and tenons are fitted together, and the joints 
gliied all at one time, then entered to their places, and rorced 
together' by the assistance of an instmment called a cramp. 
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Tiie operation "of rendering a ro^h surface 8moott|^ bv 
taking away^ the superfluous wood, is called wd 

the tools used for this purpose are called planes. 

The planes used by joiners in the primary operation of 
their work are called jack-planesy tiying-^planes^ * 
planes j and smoothing-planes ; the respective u^ses of ivijich 
are as follow : — ^Thc jack-plane is used for taking' away the 
rough occasioned by the saw, affl removing all superfluoiii}, 
and other uneven parts. The tryiijg-|)lane more' pjar- 
ticularly to bring the surface perfectly level and true : 
long plahe , succeeds, when the surface is long, and is re-^ 
quired to be very straight, as in jointing long boards for 
the purpose of gluing them togethci;; and the smoothing- 
plane is used to smooth and clean off the work. 

In addition to the above, termed bench- jilanes^ others are 
occasionally used in forming any kind of prismatic surfaces, 
viz. rebating-plancs^ grooving-jilanes^ moulding-planes^ &c.. ; 
under which head is included the fillister and plough. 

Rebating-planes arc used for cutting out rebates, a kind 
of half groove, upon the edge of a board, or other piece of 
wood, formed by taking down or reducing a small part of 
the breadth of the board to half, more or less, of the general 
thickness. By this means, if a rebate be cut on the upper 
side of Qii'e board, and the lower side of another, the two 
may be made to overlap each other, without making them 
any thicker at the joint. 

Rebates are also used for ornamenting mouldings, and for 
many other purposes in joiners’ work* The planes for cut- 
ting them are of different kinds, some having the cutting 
edge at the side of the iron and stock ; others at the bottotn 
edge of the iron and the face of the stock ; and others cut- 
ting in both these directions. The former are used to 
smooth the side of a rebate, and therefore are called side 
rebating-planes ; the others for smoothing the bottom. A 
third sort of rebate-planes, called a fillister^ is used for 
sinking or cutting away the edge of a piece of wood, to foim 
the rebate, leaving it for the others to smooth the surfaces 
when cut. 

The moving fillister is a rebating- plane having a ruler of 
wood, called the fence, fixed by screws, upon its fece, in the 
direction of its length, and exactly parallel to the edge of 
the fa.ee \ consequently, it covers part of the width or the 
cutting edge, and can be fixed at any required distance from 
the edge, to leave nlore or Vss of the cutting edge exposed, 
which will be the breadth o.( the rebate it lym cut, because, 
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wiMiii \i8ed, tbe edge of the fence is applied against the edge 
6f the piece to be rebated, and thus gauges the breadth its 
iron should cut away. The cutting-iron of this plane is not 
riitaated at right angles to the length of tbe stock, but has 
an obliqnityof about forty-five. degrees ; the exposed side 
of the iron being more forward than the one next to the 
fence. tifis obliquity, tiie plane has a tendency or drift 
*to run Anther into the breadth of the wood ; but as the fence 
sfiding against the edge prevents this, the drift always keeps 
the fence in contact with the piece without the attention of 
the workman : it also causes the iron to cot the bottom of 
the rebate smoother, particularly in a transverse direction 
to the fibres, or where the wood is cross-grained, or where 
the edge is -perpendicular to the sides of the plane. It is 
chiefly used, however, to throw the shaving into a cylindri- 
cal form, and thereby make it issue from one side of the 
plane. Besides this iron, there is another of smaller di- 
mensions, called the tooth, which precedes the other, to 
scratch or cut a deep crack in the width of the rebate, thns 
making the shaving, which the iron cuts up from the bot- 
tom, separate sideways from the rest of the wood. The 
sash-fillister differs in many particulars from the moving 
fillister : the fence is adapted to be moved to a considerable 
distance, not being fixed, as in the moving fillister, ly 
screws upon the face, but sustained by two bars, fixed fast to 
it, passing through the two vertical sides of the stock At 
right ahglcs to the sides : these bars, w'heu set to their 
intended places, are tightened by small wedges. This kind 
of plwe is usually employed to rebate narrow pieces of 
wood, such as are used in sashes ; and the fence is applied 
agdnst the opposite edge to that on which the rebate is to 
be formed. 

The plough is a plane with a very narrow face, made ot 
iron, wed beneath a wooden stock, and projecting down 
from the wood of the stock ; tte edge of the cutting-iron 
behig the full width of the groove required : it is guided by 
a fence with bars like the sash-fillister, and has also a stop to 
regulate the depth intended for the grooves. 

MoUldmg-plimes are those which have their faces and 
cutting edges curved, ' to produce all the varieties of oma- 
meUttu mouldings : they are known by the names of s* , 
hills, side rehatesi heads, hollows, rounds, otoolps, and ogees. 
Of these there are a great variety of sizes, with which every 
good joaner is furni8he4- : 

The 'whole bf'fhese plaufel have theit faces straight in th^ 



dM THB OnAATlVS MBCaANfC 

direction of their length } but a seeUoii aerOM theihee^ll 
the impimaioD or reverse of the moulding they are intended 
to make. 

The tools employed in boring cylindrie holes are^a sANil 
nritb Mtty gimtetSy and breul-awirot various descriptionfraiid 
sizes. The tools used for pwing the wood obliquely^ or 
across the fibres, and for eutting rectangular prismatic 
vities, are in general denominated o/dselt ; those for pariagf 
the wood across the fibres being call«|^ firmersy or par h i g < 
ckiteb, and those for-cutting mortises, mortise-chisels. The 
best paring'Chisels are made entirely of cast steel. Gbis^ 
for paring concave surfaces, are called g'owg'ss. ■ * 

Wood is generally divided or reduced by means of saw», 
which there are several sorts ; as the ripping- eawy for 
dividing boards into separate pieces, in the direction of the 
fibres.; the Aand-sawy for cross* cutting, or for sawing thin- 
pieces in the direction of their length ; the ptmel-semy cithmr 
for cross cutting, or cutting very thin boards Icmgitudinally ; 
the tenon-sawy with a thick iron back, for making an inci> 
sion of any depth below the surface of the wood, and for 
cutting pieces opposed to the length of the fibres ; also a 
sash-saw y and a dovetail-sawy used much in the same way. 
as the tenon-saw. 

From the thinness of the plates of these three last-men- 
tioned saws, it is necessary to stiffen them by a strong piece 
of metal called the back, which is grooved to receive the 
upper edge of the plate, fixed to the back, and which Is 
thereby secured and prevented from crippling. 

When it is required to divide boards into curved surfaces, 
a very*uarrow saw without a back, called a compan-sawy 
is used ; and in cutting a very small hole, a saw of a similar 
description is used, called a key-hoU-saw. Both of these 
ifoscriprion of sau's are called tuming-sawsy and have their 
plates thin and narrow towards their bottoms, .end each ' 
succeeding tooth finer. 

The external and internal angles of Uie teeth of all sews 
are generally formed at one angle of 60 degrees, and the 
fiont edge teeth slope backwards in a small degree. The 
teeth of every description of saw^ except turning-saws, ere 
alternately b<s)t on 'Contrary aides of’tbe plate, so tbetafl’ 
the teeth on the same side are alike bent throughout tite 
length of the plate, for the purpose of clei^g the aides of 
the cut made by it in the woqd. The forcing are generally 
termed ea^gs-foefs. 

« Wbeqr it is necessary to ascertahs i# ait^iiqi^e’fMrhkatriijr 



AVj> nHtsHimrr, 996' 

gq«Mr%<xr indioed to any number of degrees, a tool called 
ftSyafrs is used, and in the latter instance, a is set to 
the tmgle; when any piece is to be leduced to a parallel 
braadth <m thickness, an in^mmeot, called ti.^ttuge, formed 
of a. square piece with a mortise, baring a sliding bar, called 
a ^feM^.jrunning through it at right angles, and furnished 
Wtb#. tooth,; prelecting a little from the surface, is used; 

ffben the stock of the gauge is ap|died to the verti- 
^iSi^e or edge of the piece, with the toothed side of the 
stem upon the horizontal surface, and is pushed and drawn 
alternately backwards and forwards by the workman, the 
tooth wilt make an incision from the surface into the wood, 
^ a parallel distance from the edge to which the stock part 
isuppUed. .. 

• when a- mortise is to be made in a piece of wood, the 
Ifauge used has two teeth. The construction of this gauge 
is the same as that before described, except that the tooth 
nearest the stock moves by means of a longitudinal slider 
in the stem, which is to be set at a distance from the other 
tooth, as occasion may require. 

If a piece of wood is to be sawn across the fibres, a fiat 
piece of wood, whioh has two projecting knobs, on opposite 
sides, one at each end, called a side-hook, is jused, to keep 
the piece which has to undergo the operation of the saw 
steady ; the knob at one end presses against the piece, while 
that at the other end is hooked to the bench. 'IVo of 
these are necessary when the pieces are long. 

When a piece of wood is required to be cut to a mitre, 
that is, to half a right angle, joiners use a trauk of wood 
with three sides, like a box that has neither ends nor top, the 
sides and bottom being parallel pieces, and the sides of equal 
height. Through each of the opposite sides, in a plane per 
peitdicular to the bottom, and at the oblique angles of 45* 
usd ld5* with the , planes of the sides, a kerf is cut ; and 
another kerf is made with its plane at right angles to the 
two. former. Into this trunk, termed a mitre-box, the piece 
fot be cut is put^ and the saw, guided by the keris, cuts the 
wood to the angle required. 

. rio making a stn^ht surface, a strip of wood called a 
sigaighi-edge, which has one of its edges perfectly straight, 
isffoquout^ applied, to detect the irregularities, and the 
piece is accordingly planed with the trying jdane until the 
sqrfoce coincides with the straigbt-e^. 

To asoortain if the surface of a piece of wceod be in one 
plSB^^jiajuwr tidies two slips x>f wood, eadi striughtened 
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oa oae edge, with the opposite edge and tMH 

pieces of the same height, and places them one ateadf 
Across the board under operation 5 he then looks in 
gitudinal direction of the board over the upper edge^ of tM 
slips j and if the two edges and hito eye be not in oae> planit^^ 
the upper parts are planed down until the piece is saidto be 
out of wind, and the same term is applied to the slips, which 
ai^ called winding^sticks. The operation of tnamilg^ thd 
edge of a board straight is called shooting; and the edge SO 
made is said to be shot. ^ • 

From what has been here said of the application of the 
principal tools used by the joiner, we consider any further 
account of the primary processes unnecessary ; we ShaH, 
therefore, proceed to lay before the reader the best methods 
in use of effecting some of the more difficult and particular 
opemtions. 

7h construct the surface of a portion of a cyUnder with 
wood, when the fibres are at right angles to the aaris of the 
cylirider, such as may he used in a circular dado, or the sof- 
fits of windows. 

If the dimension of the cylindric surface, parallel to the 
axis, be not broader than a plank or board, this may be 
done by gluing several thicknesses of veneer upon each 
other ; the first upon a mould, or upon brackets, with their 
edges in the surface of the proposed cylinder, parallel to ks 
axis. This may be effected by means of two sets of brackets 
fastened to a board, one convex and of the curve intended, 
and the other concave of the curve of the exterior of the 
whole thickness of veneers, or somewhat larger j this last 
bracket is then applied on the top of the veneers and fas- 
tened to the other bracket, and the veneers are then forced 
together by means of wedges between the concave brac- 
ket and the veneer. If this operation be carefully done and 
the glue properly dried, the wedges may be slackened antf 
the work will stand well, but it must be observed, that, as 
the wood hl^ a hatural tendency to unbend itseff, the curved 
surface, upon which it is glued, should be rather quicker 
than that intended to be made. 

A Second plan' is to form a templet or cradle to the sur- 
face ititfended, and ley a veneer upon it ; then to glue a num- 
ber of blocks of wood upon its back, closely fitted todts 
surface, and the other joints to each otfaer^ the fibres of the 
veneer being parallel to those of the Idocke. ' * ^ - 

' A thi^d methodds to make a cradle and place the veifeer 
ujion^itj confining^ lay ^he jglue bettreen the 
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veneera with a brush, and fix a bridle across, confining ^ 
oiife ddier by noils or by screws j o|>en the veneers again, 
put g^ue a second time between each, and fix another bridln 
across riiem ; and in this manner proceed to the other ex« 
tcemity. ■ 

A fourth plan is to cut a number of equidistant grooves 
across the back of the board, at right angles to its edges, 
leaving rnily a small thickness towards the face; then to bend 
thia round a cradle with the grooves outwards, and fill the 

S rooves with strips of wood, which, after the glue is quite 
ty, :must be planed down level with the^rface of the 
boMll. This may be stiffened by gluing stroiig canvass on 
the back. 

To bend a board &o as to form the frustum of a cone, or 
any segmental portion of the frustum of a cone^ €is the sof^ 
Jit of the head of an aperture. 

When the envelope of the covering is found by the rule 
laid down under the article Masonry, page 542, and 
the mould is made with a thin piece of board, cut out the 
board intended to be bent, and run a number of saw kerfs, 
or grooves made by a plane, (which are preferable,) equi- 
distant from each other, and tending to the ceube, and 
having fixed it to a templet, made to the surface of a cone, 
finish it in the manner «6hown in the last method, for a 
cylinder. 

To glue up the shaft of a column^ supposing it to be the 
frustum of a cone. 

Prepare as many staves as the circumference may require, 
and let the joints of each be so managed as to fall in the fil- 
lets, which disposition will be stronger than if they were to fall 
in the middle of the flutes. Suppose eight pieces to be suf* 
iicient to constitute the shaft of a column : describe a circle 
to the diameterof each end; about each circledescribe anocta- 
*gon ; from the concourse of each angle draw a line to the cen- 
tre,' then draw an interior concentric octagon, with each side 
parallel to the respective sides of the corresponding one, 
and the distance between these two octagons equal to the 
thickness of the staves ; and thus the section of the staves 
wiU be found at each end, and consequently, the bevels will 
be obtained throughout the whole length. In order to join 
the column, glue two pieces together, and when quite dry, 
glue in btoi^ings to strengthen them join a third piece to 
the farmer two, and secure it also by blockings. In this 
manner proceed to the last piece but one. In ^ing the last 
piece, the blockings must tc ,idaed to the adjacent staves} 
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and their surfaces, on which the last ‘stave is intended to 
rest, must be all in the same plane, that its back may rest 
/irmly upon them. In closing up the remaining space^ the 
part of the column that is glued together should be kept 
from spreading by coiifinifig it in a kind pf cramp, or cra^ 
die, while driving the remaining stave to close the joints. 

Instead of the foregoing mode, some joiners glue up the 
Oolumns in halves and then glue them together. When an 
iron core is necessary to support a floor or roof^ the column 
must necessarily be glued up in halves; in which case the 
two halves ar^o be dowplled together, and the joints flUed 
with white-lead. Instead of a cramp, a rope is 
twisted by means of a lever. In bringing the two halves 
together, the percussive force of the mallet must be applied 
upon the middle of the suifaee of one half, while an assist- 
ant holds something steady i^^ainst the middle of the other, 
that the opposition may be equal, and by this means the 
surfaces will be brought into contact, and form the joint 
as desired. In this operation pieces of Avood ought to be in^ 
serted between the column and the rope. 

Boards can be connected together at any given angle, 
either by pins or nails, mortise and tenon, or by indenting 
them together. 

This last mode, from the sections of the hpllows and pro- 
jecting parts being formed like a dove’s tail, is called dove-* 
tailing. 

There are three sorts of dovetailing ; viz. common, lap, 
and mitre. Common dovetailing shews the form of the 
projecting parts, as well as of the excavations made to re^ 
ceive them ; lap dovetailing conceals the dovetail, but shews 
the thickness of the lap on the return side ; and mitre dove- 
tailing conceals the dovetail and shews only a mitre on the 
edges of the plimes at the surface of the concourse ; that is, 
the edges in the same plane, the seam or join being in the' 
concourse qf the two laces, making the gii^en angle with 
each other. ' , 

Concealed dovetailing is particularly useful where the faces 
of the boai*ds are intended to form a saliant angle ; but 
when the faces form a re-entrant angle, common dovetailing 
is preferable. 

There is another simple and expeditious manner of con* 
necting the ends of boards together where^ the faces^fonn a 
re- entrant, or internal angle, by means of a groove In the 
one, ainda tongue in tbe^ other; and if the pieces be pee: 
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viously nailed so that the nails be not seen in the faces^ tnia 
will answer every purpose of commpn«dovctailing. 

As various methods arc employed in connecting pieces of 
wood so as to form an angle, we shall here present the 
reader with so.iie of the best examples. 

Fi^s. 595 and 595 are methods of connecting two pieces of wood so as 
to form two internal right angles. 

Figs* 597, 598. 599, 600, 601, and 602, exhibit the joining of boards at 
an external angle. 

In Figs. 598 and 599 the external angle, being that which is exposed 
to sight, is rounded or beaded. 

Fig. 600 is the most common of mitres. ^ 

Fig. 601, a lapped mitre, which is much stronger than Fig. 6P0. 

Fig. 602, a lapped and tongued mitre. 

Fig. 603, dorctafling. 

Fig. 601, secret dovetailing. 

If several boards arc required to be joined together to 
form a broad face, tliey arc sometimes strengthtoed by fix- 
ing, with a tongue and groove, or mortise and tenon, 
another narrow piece across each end : the cross piece is 
termed a clampj and the board thus constructed is said to 
be clamped. 

The most simple description of door is constructed of 
several boards simply rebated together, or each edge plough- 
ed and tongued ; these arc confined together by a transverse 
piece, called a ledge nailed a cross, from which tlic door de- 
rives the name of a ledge-door. 

When strength, durability, and beauty are to be combined, 
a frame, joined % mortise and tenon, is constructed with 
one or more openings i and these openings are filled with 
pieces called panels^ fitted into grooves, ploughed in the 
edges of the frame. The horizontal pieces of the framing are 
called, according to their situation, top-rail, hottom-rail, 
lock-rail, and frieze-rail. On the lock- rail the lock is either 
mortised in, or screwed on ; and the frieze-rail is an interme- 
diate rail between the top and middle rail. The extreme 
vertical pieces to which the rails are fixed are called stiles ; 
and if there be any intermediate piece it is called a 
mounting. 

Doors derive their names according to the manner in 
which they are framed and the number of panels they con- 
tain, as one, two, four, six, &c. panelled doors ; and are 
further described by the moulding and description of panel. 

Jib-doors are those which, when shut, arc as much con- 
ctoled as possible. They are used to preserve the uni- 
forinity of a room, or to save the expense of a corresponding 
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doon Doors ought to be made of the best materials^ per- 
fectly seasoned, and jirmly put together 5 the mitres or 
scribings should be brought together with the greatest -ex- 
actness, and the whole of their surfaces be perfectly smooth. 

The mortising, tenoning, ploughing, and sticking of the 
mouldings, ought to be worked correctly to the gauge-lines ; 
otherwise the door, when put together, will be out of 
truth, and occasion the workman a great deal of trouble, 
paring tJic dilferent parts to make it appear satisfactory : 
the door will also lose much of its firmness, especially if the 
mortises and tenons require to be pared. 

In bead and flush doors, make the work square, after- 
wards put in the panels, and smooth the whole off to- 
gether ; then, marking the panels at the parts of the fram- 
ing to which they agree, take the door to pieces, and work the 
beads on the stiles, mountings, and rails. If the doors are 
double margin, that is, representing a pair of folding doors, 
the staff stile, which imitates the meeting-stiles, must be 
inserted into the top and bottom rails of the door, by fork- 
ing the ends into notches cut in the top and bottom rails. 

In the banging of doors, the chief aim is to clear the car- 
pet or ground ; which may be accomplished by observing 
the following rules. First, let the floor be raised under the 
door, accqrding to the intended thickness of the carpet ; 
secondly, let the knuckles of the top and bottom hinges be so 
placed, that the top hinge hang, or project, about one 
eighth of an inch over the lower ; that is, if the hinge be let 
equally into the door and into the jamb, project a little be- 
yond the surface of tlie door 5 but if the centre lie in the 
surface of the door, it must be placed at the very top, which 
is seldom done, except when the door is hung with centres. 
Thirdly, let the jamb on which the door hangs, be fixed 
about an eighth of an inch out of the perpendicular, the 
upper part inclining towards the opposite jamb; and 
fourthly, let the inclination of the rebate be such, that the 
door shall, when shut, project at the bottom, towards the 
room, about an eighth of an inch. 

These several methods, practised 011 so small a scale, arc 
not perceptible ; but, nevertheless, will throw the door, 
when opened, to a square sufficiently out of the level ; that 
is, at. least half an inch, when the height of the door is 
double the width. 

Several kinds of rising hinges have been introduced for 
tl^ purpose.: some of the best, constructed of brass, are by 
no means objectionable, even to the best doors. 
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Before we proceed to- the principles of hangitig doors, we 
shall submit to the reader some information on the subject 
of hinging in general. 

The placing of hinges depends entirely on the form of the 
jollity and as the motion of the door or closure is angular^ and 
performed round a fixed line os. an axis^ the hinge must be 
so fixed that the motion be not interrupted : thus^ if the joint 
contain the surface of two cylinders^ the convex one in mo* 
tion upon the edges of the closure, aiic) sliding upon the 
concave one which is at rest on the fixed body, the motion 
of the closure must be performed on the axis of the cylin- 
der, which axis must be the centre of the hinges. In this 
case, whether the aperture be shut or open, the joint will be 
close ; but if the joint be a plane surface, it is necessary .to 
consider upon what side of the aperture the motion is to be 
performed, as the liinge must be placed on the side of the 
closure where it revolves. 

The hinge is made in two parts, movable in any angular 
direction, the one upon the other. 

The knuckle of the hinge is a portion contained under a 
cylindric surface, and is common both to the moving part 
and the part wliich is*at rest ; the cylinders are indented in- 
to cacli oilier, and are made hollow to receive a concentric 
cylindric pin, which passes through them, and connects the 
moving parts together. 

The axis of the cylindrical pin, is called the axis of the 
hinge. 

When two or more hinges are placed upon a closure, the 
axis of the hinges must be in the same straight line. 

The straight line in which the axis of the hinges are placed 
is called the line of hinges. 

Wc shall now proceed to the principle of hanging doors, 
shutters, or flaps, with hinges. 

The centre of the hiiigxi is generally put in the middle of the joint, an 
at A, Fig*. G05, but in many cases there is a necessity for throwing* back 
the flap to a certain distance from the joint ; in order to effect this, sup- 
pose the flap when folded back, were required to be at a certain distance 
from the joint, as BA, Fig. <i05, divide BA in two equal parts at the point 
C, and it will give the centre of the hinge. The centre of the hinge 
must be placed a small degree beyond - the surface of the closure, other- 
wise it will not fall freely back on the jamb, or partition. It must also be 
observed,^ that, the centre of the hinge must be on the same side as there- 
bflite, or it will not open without the joint being constructed in a particu- 
lar form. * 

To hang two /laps,so thflt when folded hack, they shallbe 
at a certain.distanee ftom each other. 

This is easily accomplished by means of hinges having ki^ees project- 
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ToiMake a rulejointfps^ a window^^h^ter^ pr other fM- 


tig. 006, No. 1. Let « bp'ttiifijhlKee of tha'jfolnt, draw a c at right an- 
gle* to,ltie dap, shutter, or doo^tid:* e, ip mt line a e, for the eenj^^f 
the hinjfre, ana the plain part^ajpl^m^he thought neceBsarT^orakH^ 
a radius, c b, describe the mfd$ then will ab d he the tm Jpi^« 
The knuckle of the hinge is alwatl placed in the wood ; because the lMi|^r 
it is inserted, the more of the lolnt will be covered when it is opem tp.a 
right angle, as in Fig. 006, Nc^ $; but if the centre of the w<^e 
placed the least without the th^lqiess of the wood, it would show an ^n 
space, which would be a blemish* 

To form the joints efeiUee^ to he hung together^ when the 
knuckle of the hinge is placed on the contrary side of the 
rebate.^ 

Fig. 006. Let c be the centre of the hinj^, m t* the joint on the same 
side, c h the depth of the rebate iu the middle ei the thickness of the styles, 
perpendicular to t m, and / / the joint on the. other side, parallel to t at ; 
bisect 1 1 at k, join k on kc describe a semicircle c ik, cutting im at h, 
through the points h andk drawh k g, cutting// atg; then will fg, km, 
be the true joint. 

Fi^. 009 represents the common method of hanging shutters together, 
the lunge being let the whole of its thickness into the shutter, and not into 
the sash-frame. By this mode it is not so firmly hung as when half of it 
is let into the shutter, and half into the sash-frame ; hut the lining ma/ be 
made thinner. ^ 

It may here be proper to obieive, that the centre of the 
hinge must be in the satne plappo yflth the face of. the shut- 
ter;^ or beyond it^ but not within the thickness. 

How to construct a joint for hsm^ng doors with centres. 

Fig. 614. Let a d be the thickness the door, bisect it in b, draw h e 
perpendicular to a b, make b, c equal to 4 a, or 4 d, or c, the centre of the 
binge, with a radius e e$ or c e/, describe an arc, a ed, which will give 
the joint reqtiired. 

Another plan is represented in Fig. 013* Draw a b parallel to the jamb, 
meeting the other side in 4, make 4 d equal to 4 a, and join a d and a c, bi- 
sect a e bjr a perpendkular e/ meeting « d inf then f is the centre of 
the hinge. ^ - 

Figs. OKb Oil, and 012, exhl^diOimttt methods' of hanging flaps, 
&c. These are so very silnplsi^'tbpt by a Uttle attention the reimr will 
readily perceive tiieir uses and of construction. 

Wfi 8lidtiio*w coostructiou of sa3b-firam^> 

sashes>,oia4^ manner of putting the several 

parts ^ 

tiil^ldsvatioa; Nb.)l, ihepiMr; and Noifl^ ttbssbiion 
of Ae sUm i shfiwiiigl^ mataieyda Wbidi m. dHMnit paits are ms* 

iiortddr-v’'- i 1 .. 'fu--.-' w 
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No. 1. A Back.--B Flush skirting, separated from the back by dusU 
reeds, and showing the same depth of punth as the blocia of the piias* 
ters. — C 0 Blocksor plinths to pilasters. — D Pilasters.— £ £ Patteras, 
— er a aa Inside bead of sash-frame.— d h h roimded edge of boxing-stile. 

No. 2. Plan of sash-frame, shutters, pilasters, and the different parts 
are explained in the figures. 

No. 3. a thickness of the pilaster or arcliitrave ; h the rounded edge of 
the boxing-stile ; c the breadth of the shutter ; d bead of the sash-frame ; 
e under sash ; f top ditto ; g parting bead ; h outside lining and bead, 
t the breadth of the reveal or outer brkk-work ; k k lintels made of strong 
yellow deal or oak ; I the head of the ground ; m the architrave or pilaster 
nxed upon the grounds ; n the soffit, tongued into the tup of the sash- 
frame-head ; and, on the other edge, into the head of the architrave m ; 
o the sash-frame head ; p the elbow ; q capping ; r sash-frame cill } s sash- 
cill ; t stone-cill. 

The face of the pulley-stile of every sash-frame ought to 
project about three-eighths of an inch beyond the edge of 
the brick- work; that is, the distance between the face of each 
pulley- stile ought to be less by three quarters of an inch 
than in the clear of the reveals on the outside ; so that the 
face of the shutters ought to be in the same plane with the 
stone or brick-work on the outside. 

Fig. 610 shows a plan of a sash-frame and shutter on the same princi- 
ple as the foregoing, and which may be applied to a similar window. 

As the thickness of the wall is here conceived to be less tlmn in the fi>rc- 
going example, another back-flap is introduced a the outside lining ; 
b the pulley-stile ; c the inside lining ; d the back lining ; e fthe weights ; 
g parting slip of weights ; A partuig bead to sashes ; t inside bead ; k 
back lining of boxing ; I ground, or boxing-stile, grooved to receive the 
plastering; m front shutter hung to the inside lining, c, of the sash- 
frame by the hinge n; o p back daps hinged together at q, and to the 
shutter at r ; s architrave or pilaster. 

Fig. 617. Is a vertical section of the cill, &c. of the same sash-frame ; 
a bottom rail of sash ; b cill of the sash-frame ; c back of recess of win- 
dow ; d coping bead, or capping let into the sash-frame rill ; v inside 
bead, tongued on the top of the cill ; A outside lining ; f space tor the top- 
sash to run in ; g parting bead. 


STAIRS. 4^ 

This is one of the most important subjects connect- 
ed with a joiner’s art, and should be attentively consi- 
dered, not only with regard to the situation, but as to the 
design and execution. The convenience of the building 
depends on the situation ; and the elegance, on the design 
and execution of the workmanshifi. In contriving a grand 
edifice, particular attention must be paid to the situation of 
the space occupied by the stairs, so as to give them the 
most easy command of the rooms. 

With regard to the lighting of a good staircase, a sky- 
light, or rather lantern, is the most appropriate i for these 

2o 
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unite elegance with utility; that is^ admit a powerful Hght^ 
with elegance in the desi^ ; indeed^ where the staircase 
does not adjoin the exterior walls^ this is the only light that 
can be admitted. Where the height of a story is consider- 
able, resting places are necessary, which go under the name 
of quarter-paces^ and half-paces^ according as the passenger 
has to pass one or two right-angles ; that is, as he has to 
describe a quadrant or semi-circlc. In very high stories^ 
which admit of sufficient head-room, and where the space 
allowed for the staircase is confined, the staircase may 
have two revolutions in the height of one story, which will 
lessen the height of the steps \ but in grand staircases only 
one revolution can be admitted, the length and breadth of 
the space on the plan being always proportioned to the 
height of the building, so as to admit of fixed proportions. 

The breadth of the steps ought never to be more than 15 
inches, or less than nine ; the height not more than seven, 
or less than five : there are cases, however, which arc ex- 
ceptions to all rule. When the height of the story is given 
in feet, and the height of the step in inches; you may throw 
the feet into inches, and divide it by the number of inches 
the step is high, and the quotient will give the number of 
steps. 

It is a general maxim, that the greater breadth of a step 
requires less height than one of less breadth : thus, a step 
of 12 inches in braadth will require a rise of 5i inches, which 
may be taken as a standard, to regulate those of other di- 
mensions. 

Though It is desirable to have some criterion as a guide in 
the arrangement of a design, yet workmen will, of course, 
vaiy them as circumstances may require. Stairs are con- 
structed variously, according to the situation and destina- 
tion of the building. 

Gconlctrical stairs are those which are supported by 
having one end fixed in the wall, and every step in the as- 
cent having an auxiliary sumort from that immediately be- 
low it, and the lowest step from the floor. 

Bracket-stairs are those which have ah opening or well, 
with strings and newels, an^ ai^ supported by landings and 
carriages ; the bmejeets arc ihiti*cd to the ends of each riser, 
and are fixed to the string-board, which is moulded below 
like an architrave. 

Dog-legged stairs are those which have ifo opening, or 
well-hole, and have the rail and balusters of both the pro- 
gressive and returning flights falling in the same vertical 
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planeS) the steps being fixed to strings, newels, and oar> 
tinges, and the ends of the steps of the infeHor kind termi- 
nating ony upon the sldeef the string, without any honsing. 
In taking dimensions and lajdng down the plan and sectiim 
of stair-cases, take a rod, and, aaviiq; ascertained the num- 
ber of steps, marie Uie bright of the stoiy, by stanring the ‘ 
rod on the lower floor : divide the rod into as many equal 
parts as there are to be risers, then, if you have a level sur- 
face to work upon below the stair, try each of the risers 
as you go on, and this will prevent any excess or defect ; for 
any error, however small, when multiplied, becomes of con- 
siderable magnitude, and even the difference of an inch in 
the last riser, will not only have a bad effect to the eye, but 
will be apt to confuse persons not thinking of any such ir- 
regularity. In order to try the steps jfroperly by the story 
rod, if you have not a level surface to work from, the better 
way will be, to lay two rods on boards, and level their top 
surface to that of the floor : place one of these rods a little 
within the string, and the other near or close to the wall, so 
as to be at right angles to the starting line of the first riser, 
or, which is me same thing, parallel to the plan of the string ; 
set off the breadth of the steps upon these rods, and num- 
ber the risers ; you may set not only the breadth of the 
flyers, but that of the winders also. In order to try the 
story- rod exactly to its vertical situation, mark the same 
distances of the risers upon the top edges, as the distances of 
the plan of string-board, and the rods arc from each other. 

In bracket-stairs, as the internal angle of the steps is open 
to the end, and not closed by the string as in common dog- 
legged stairs, and the neatness of workmanship is as much 
regarded as in geometrical stairs, the balusters must be 
neatly dove-tailed into the ends of the steps, tvBO in every 
step. The face of each front baluster must be in a straight 
surface with the face of the riser, and, as all, the balusters 
must be equally divided, the face of the middle baluster 
must stand in the middle of the face of the riser of the pre- 
ceding step and tiocceeding one. The risers and beads are 
all previously blocked and glued together, and when put up, 
the under side of the step nailed or screwed into the under 
edge of the riser, and then rough brackets to the rough 
strinsrs, as in dog-legged staii!^, the pitching pieces and 
rough string^being similar. In glueing op the steps, the 
best method is to make a templet, so as to fit the exteraal 
Angle of the steps mth the nosing. 

9 Q 9 
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The steps of geometrical sfairs ought to be constructed so 
as to have a very light and clean appearance when put up: 
for this purpose, and to aid the pnnciple of strength, the 
risers and treads, when planed up, ought not to be less than 
one eighth of an inch, supposing the going of the stair, 
‘ or length of the step, to be tour feet, and for every six inches 
in length, another one-eighth may be added. The risers 
ought to be dove-tailed into the cover, and when the steps 
are put up, the treads arc screwed up from below to the 
under edge of the risers. Ihe holes for sinking the heads of 
the screws ought to be bored with a centre-bit, then fitted 
closely in with wood, well matched, so as entirely to con- 
ceal the screws, and appear as one uniform surface. Brack- 
ets arc mitred to the riser, and the nosings are. continued 
round. In this mode, however, there is an apparent de- 
fect ; for the brackets instead of giving support, are them- 
selves unsupported, and dependent on the steps^ being of no 
other use, in point of strength, than merely tying the risers 
and treads of the internal angles of the steps together : and, 
from the internal angles being, hollow, or a re-entrant angle, 
except at the ends, which terminate by the wall at one extre- 
mity, and by the brackets nt the other, there is a want of 
regular finish. The cavetto, or hollow, is carried round the 
front of the riser, and is returned at the end, and mitred 
round the bracket, and if an open string, that is, the under 
side of the stairs open to view, the hollow is continued along 
the angle of step and riser. ; 

The best plan, however, of constrocting geometrical stairs 
is, to put pp the strings, and to mitre the brackets to the 
risers, as usual, and enclose the soffit with lath and plaster, 
which will form an inclined plane under each flight, and a 
winding surface under the winders. In superior staircases, 
for the besl buildings, the soffit may be divided into panels. 
If the risers are made from two inch planks, it will greatly 
add to the solidity. The method of drawing and executing 
the scroll, and other wreath parts of the band-rail, will be 
given in a subsequent part of this article. 

In constructing a flight of geometrical stairs, where the 
sofl|t is inclosed as above, the bearers should all be framed 
together, so that when put up, they will form a perfect 
staircase. Each piece of frame-work, which forms a riser, 
should, in the partition, be well wedged at the ends. This 
plan is always advisable when strength and fiftnness are re- 
quisite, as the steps and risers are entirely dependent on the 
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framed carriages, which, if carefully put together, will never 
yield to the gi*eatcst weight. 

Fig. C19 will show the section of this framing finnly put together, and 
wedged into the partition, as above described. • 

^ In preparing the string for the wreath part, a cylinder 
should be made of the size of the well-hole of the stair- 
case, which can be done at a trifling expense ; then set tlic 
last tread and riser of the flyers on one side, and the first 
tread and riser of the returning flight on the opposite side, 
at their respective heights ; then on the centre of the curved 
surface of this cylinder, mark the middle between the two, 
and with a thin slip of wockI, bent round with the ruling 
edge,, cutting the two nosings of these flyers and passing 
through the intermediate height marked on the cylinder, 
draw a line, which will give the wreath line formed by 
the nosings of the winders ; then draw the whole of 
the winders on this line, by dividing it into as many parts 
as you want risers, and each point of division is the nosing 
of such winder. Having thus far proceeded, and carefully 
examined your heights and widths, so that no error may 
have occurred, prepare a veneer of the width intended 
for your string, and the length given by the cylinder, and 
after laying it in its place on the cylinder, proceed to glue a 
number of blocks about an inch vyidc on the back of the 
veneer, .with their fibres parallel to the axis of the cylinder. 
When dry, this will form the string for the wreath part of 
the staircase, to be framed into the straight strings, ft is 
here necessary to observe, that about five or six inches of 
the straight string should be in the same piece as the circu- 
lar, so that the joints fall about the middle of the first and 
last flyers. This precaution always avoids a cripple, to 
which" the work would otherwise be subject. 

Fig. G18, No. 1, is a plan of a dog-legged staircase, a the seats of the 
newels, c the seat of the upper newel. 

No. 2. The elevation of the same. 

AB. The newels ; the part AC being turned. — ^DE the upper newel.— 
FG the carriage piece. — HI upper string board framed into the newel. — 
K a joist framed into the trimmer. 

To describe the ramps ; pniducc the horizontal part of the Joice to L, 
and also the under side of the rail until it meets the face of the first nalus- 
ter, at c, make c d equal to c D, and upon A f/, and from the point rf, draw 
th^erpendicular d L, and L is the centre for describing the ramps d D. 

The story-rod a is a very necessary article infixing the steps ; for, if 
a common rule be used for this purpose, the workmen will be very liable 
to err and render the stairs extremely faulty, which cannot take place if the 
Btory-rod be applied to every riser, and the successive risers be regulated 
by it. 
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In th« construction of dog-legged staircases^ die first 
thing is, to take the dimensions of the stair, and the height 
of the stoiy, and lay down a plan and section upon a floor 
to the full size, representing ail the newels and steps ; then 
the situation of the carriages, pitching pieces, long and cross 
bearers, as also the string boards ; the strings, rails, and 
newels, beiM framed together, must be fixed with temporary 
supports. The string-board will show the situation of the 
pitching-pieces, which must be put up in order, wedging 
one end nrnily into the wall, and fixing the other to the 
string-board ; this being done, pitch up the rough strings, 
and finish the carriage part of the flyers. Having proceeded 
thus far, the steps are next applied, beginning at the bot- 
tom and working upwards, the risers being all firmly nailed 
into the treads. 

In the best kind of dog-legged stairs, the nosings are re- 
turned ; sometimes the risers arc mitred to the brackets, and 
sometimes mitred with quaker strings. In the latter case a 
hollow is mitred round the internal angle of the under side 
of the tread, and the face of the * *ser. Sometimes the 
string is framed into the newel, and notched to receive the 
ends of. the steps; the other end having a corresponding 
notch-board, and the whole flight being put up like a step- 
ladder. ' 

Fig. 019, No. 1 and 2, is a plan and «.levation of a geometrical stair- 
case. The lower part. No. 8, shows the section of the steps and car- 
riages, which are nrauied together a« directed in a former part of this 
article. 

The methods of finding ''he different moulds necessary in 
the formation of the wrcu.h part of the hand-rail, will be. 
found in the next plate. 

7b draw the scroll of a hand-rail. 

Fig. 620. First make a circle inches in diameter, divide the diameter 
into three equal parts, make a square in the centre of the circle equal to 
one of those parts, **nd divide each side of the square into six equal parts. 

Fig. 4i shows tins square on a lar^r scale, and laid in the same position 
as the little square above, with the mferent centres marked, 'i'he centre 
at 1 draws from a to b, the centre at 8 from b to c, and the centre at 3 
from e to d, &c. which will complete the outside revolution at A: set the 
thickness of the rail from e f and to j?, draw the inside the reverse way, 
and the scroll will be completed. 

7b draw the curtail-steps. 

Set the balusters in their proper places on each quarter of tiie scroll. 
Fig. 3» the Arst baluster showing the return of the nosing round the 
elep> 'the eeco^d i^aoed at the beginning of the twist, and the third a 
qdarter distant, and straight with file front of the last riser ; then set the 
firojectioa of the uosinff without, and draw it round equally distant from 
the f€r<dl, which will give the form of the curtail. 
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A9 the method of getting a scroll out of a solid piece of 
wood, having the grain of the wood to run in the same 
direction with the rail, is far preferable to any other method 
with joints, being much stronger and more beautiful than 
any other scroll with one or two joints, wc shall here give the 
method of hiiding a face-mould to apply on the face of the 
plank. 

Phice your pitch board Imn with m n pasBin? through the eye of the 
Beroli, then draw ordinates across the scroll at discretion, and take tlie 
length of the line o n, with its divisions, and lay it on o n, atFig. 621, then 
the ordinate being drawn, take the different uistanoes 3 bt, 4 v, &c, 
and transfer them to 9 yt 8 z, 4 tf, &c. and the rest of the points being taken 
in the same manner, a curve may be traced which will be the face-mould 
required. 

To find the parallel thickness of the plank. 

Fig. 622. Let f m n be the pitch board, and let the level of the scroll 
rise one-sixth, that is, divide Im into six equal parts, and the bottom 
division is the top of the level of the scroll : from the end of the pitch 
board, set on n to o, half the thickness of a baluster, to the inside ; .tlicn set, 
from 0 to p, half the width of the rail, and draw the form of the rail on 
the end ato, the point n being where the front of the riser comes, the 
point p will be the projecti<in of the rail before it : draw a dotted line to 
touch the nose of the scroll, parallel with I », then the distance between 
this dotted Hue and the under tip of the scroll, will show the exact thick- 
ness of plunking ; but there is no occasion fur the thickness to come quite 
to the under side, for if ittome to the under side of the hollow it will be 
sufficient, as a little bit glued under the hollow could not be discernible, 
and can be no hurt to the scroll. In ordinary cases, where the tread is 
about 11 itiches, and rise 6^, a scroll can be' got out of a piece, about 4) 
inches thick. 

To describe a sectim of a hand’-rail, supposing it to be two 
inches deep^ and two and a guarter inches broady the ustial 
dimensions, 

• 

Fig. 622. Let ABCD be a section of the rail, as squared ; on AB de- 
scribe an equilateral triangle AB a ; from a, as a centre, describe an are 
to touch AB, and to meet a A and a B ; take the distance between the 
point of section in a A and the point A, and transfer it ftom the point o. 
section to A?, upon the same line a A, join Dk; from k, with the distance 
between k and the end of the arc, describe another arc,l;o meetD Ar ; with 
the same distance describe a third arc, of contrarv curvature, and draw a 
vertical line to touch it ; which will form one slue of the section of the 
rail, and the counter part may be formed by a similar operation. 

The branch of Jornenv that falls ^ndcr our next and last 
consideration is that of hand- railing ; which calls into action 
all the ingenuity and skill of the workman. This art con- 
sists in constructing hand-rails by moulds, accorcUng to the 
geometrical principles, that if a cylinder be cut in any di- 
raction, except parallel to the axis, or base, the section will 
be an ellipsis ; if cut paraliel to the axis, a rectangle ; and if 
parallel to the base, a circle. 
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Now, suppose a hollow cylinder be made to the sizjoof the 
well-hole of the stair-case, the interior concave, and the ex- 
terior convex ; and the cylinder be cut by any inclined or 
oblique plane, the section formed will be bounded by two 
concentric similar ellipses ; consequently, the section will 
be at its greatest breadth at each extremity of the larger 
axis, and its least breadth at each extremity of the smaller 
axis. Therefore, in any quarter of the ellipsis there will be 
a continued increase of breadth from the extremity of the 
lesser axis to that of t^c greater. Now it is evident that a 
cylinder can be cut by a plane through any three points ; 
therefore, supposing we have the height of the rail at any 
three points in the cylinder, and that we cut the cylinder 
through th(!se points, tile section will be a figure equal and 
similar to the face-mould of the rail ; and if the cylinder be 
cut by another plane parallel to the section, at such a dis- 
tance from it as to contain the thickness of the rail, this 
portion of the cylinder will represent a part of the rail with 
its vertical surfaces already worked : and, again, if the back 
and lower surface of this cylindric portion be squared to 
vertical lines, cither on the convex or concave side, through 
two certain parallel lines drawn by a thin piece of wood 
which is bent on that side, the portion of the cylinder thus 
formed, will represent the part of the rail intended to be 
made. 

Though tlie foregoing* only relates to cylindrical well- 
holes, it is equally applicable to rails erected on any seat 
wliatcver. 

The face^moiild applies to the two faces of the plank, and 
is regulated by a line drawn on its edge, which line is ver- 
tical when the plank is elevated to its intended position. 
Thifi is also called the taking-mould. 

The falling-mouldf is a parallel piece of thin wood ap- 
plied and bent to the side of the rail-piece, for the purpose 
of drawing the back and lower surface, which should be so 
formed, that every level straight line, directed to the axis of 
the well-hole, from every point of the side of the rail formed 
by the edges of the falling mould, coincide with the surface. 

In order to cut the pibrtion of rail required, out of the least 
possible thickness of stuff, the plank is so turned up on one 
of its angles, that the upper surface is no where at right 
angles to a vertical plane passing through the chord of the 
plane ; the plank in this position is said to be sprung 

The jntch-boardy is a right-angled triangular board made 
to the i^se and tread of the step, one side forming the right 



ANB MACHINIST. 


eol 

angle of the width of the tread, and the other of the height 
of the riser. When there are both winders and flyers, two 
pitch' boards must be made to their respective treads, but, 
of course, of the same height, as all the steps rise the same. 

The bevel by which the edge of the plank is reduced 
from the right angle when the plank is sprung, is termed 
the spring of the planky and the edge thus bevelled is called 
the sprung edge. 

The bevel by which the face mould is regulated to each 
side of the })lank, is called the pitch. 

.The formation of the upper and lower surfaces of a rail is 
called thii falling of the rail ; the upper surface of the rail 
is termed the back. 

In the construction of Ijand-rails,*it is necessary to spring 
the plank, and then to cut away the superfluous wood, as 
directed by the draughts, formed by the face-mould ; which 
may be done by an experienced workman, so exactly, with 
a saw, as to require no further reduction ; and when set in 
its place, the surface on both sides will be vertical in all 
parts, and in a surface perpendicular to the plan. In order 
to form the back and lower surface, the failing mould is ap- 
plied to one side, generally the convex, in such a manner, 
that the upper edge of the falling mould at one end, coin- 
cides with the face of the plank ; and the same in the 
middle, and leaves so much wood to be taken away at the 
other end as will not reduce the plank on the concave side ; 
— the piece of wood to be thus formed into the wreath or 
twist being agreeable to their given heights. 

In the fl)llowing figures, we have given the method o^ 
finding the moulds necessary for constructing a hand-rail on 
a circular plan. 

Fi^. 623 , is the plan, showi^' part of the winders, which in this case 
are eight, as also the seat of the joint. 

Fig-. 624 . Let AAA, &c. be the outside, and a a a, &c. the inside of the 
plan. BCD a line passing through the middle of the breadth, BC being 
straight, and CD one-fourth of the circumference of the circle, the point 
K in the middle of the arc CD, B at one extremity of the line BC£D, 
and D at the other. 

Divide the quadrant CD into any number of equal parts, which in this 
example are four. Draw the straight line MN, and make MN equal to 
the developement of the quadrant AAA, &c. on the convex side. Draw 
MO perpendicular to MN, and make MO equal to the height of a step ; 
draw OP parallel to MN, and make OP equal in length to the width or a 
step, and join PM. 

Draw N s perpendicular to MN. In Ns make N o equal to the ^ght 
of four of the winders, and join o M • cu^e off the angle at M, in the 
manner shown below, by intersection of lines : Through o draw x y per- 

J >cndicular to Mo, make o x and oy each equal to half the width or tiio 
ailing mould, and draw the upper and lower edges of the mould* 
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Ji)in DE, Pif. anil prodiica 0E to F. Draw DO and EL. Make 
DO equal to one-fourth (or any part itf) the height from N to fhe upper 
edge of the falling mould, Fig. G25, and EL eaual to one-fourth, or the 
same part, of the height from Q to the upper edge of the falling mould. 
Join GL and produce it tb meet DE in F, join the dotted line BF. Draw 
IK, through the centre F, perpendicular to BF. Draw ah, a &c. meet- 
ing IK. At any convenient distance from KI draw e d parallel to IK. 
Make the perpendicular of the face-mould equal to its corresponding 
height on the faUing mould, and draw the straight line c e ; then draw 
ordinates A 6, A 6, &c. continue them until they meet c e, and from the 
points of intersection draw perpendiculars to c j, and set off the distances 
as shown by corresponding letters. Then by tracing a curve through 
these points the face mould will be completed. 

The top line r r r, &c. is left on the tailing mould, to regulate its posi- 
tion when bent upon the convex surface, as the line r rr, and will fall into 
the plane surface of the top of the plank. This line is obtained by making* 
the perpendiculars f r, 2 r, f r, &c. equal to the correspondini^ perpen- 
dirulars fb,fh, &c. Fig. 6*2 To find the face-mould of a staircase, so 
that when set to its proper rake it will be perpendicular to the plan where- 
on it stands for a level landing. 

Fig. 62 i. Draw the central line, a h, parallel to the sides of the rail^ 
on the right line a b apply the pitch-board of a flyer, from & to c drait' 
ordinates n m, o p, q r, s t, u v, at discretion, observing to draw one fruiri 
the point r, so that you may obtain the same point exactly in the face- 
mould ; then take the parts which the ordinates give on the line a b, and 
apply them at Fig. 627, and take the distances m n, p a, &c. and transfer 
them to Fig. 627^ and a curve tlirough these points will be the face-mould 
required. 

To find the falling mould. 

Fig. 626. Divide the radius of the circle into four equal parts, and set 
three of these parts from 4 to a; through x y, the extremities of the 
diameter of the rail, draw a x and a y, producing them till they touch 
the tangent AB ; then will AB be the circumference of the semicircle 
X by, wliich is applied from A to B, Fig. 628, as a base line. Make A a 
the height of a step; draw the hypotenuse a B, apply the pitch board 
of a flyer at a 6 c, and E d e, then curve off the angle bv intersection of 
lines* and draw a line parallel to it, for^he upper edge or the mould. 


MEASURES CUSTOMARY IN JOINERS’ WORK. 

Prepared boarding is measured by the foot superficial ; 
the following being the different distinctions edges shot ; 
erige shot, ploughed, and tongiied ; wrought on one side, 
and edges shot; wrought on both sides, and edges shot; 
wrought on both sides, ploughed, and tongued ; boards 
keyed and clamped, mortise-clampcd, and mortise and 
mitre* clamped. The prices are i*e^lat€d aocording to the 
thickness. If the boards be gliibd, an additipnal price per 
foot is allotted ; if tongned, still more, according to the 
description of tongtte« in boarded flooring, the dimensions 
are taken to the extreme parts, from which the squares are 
to be oom{mted. Deductions for chimneys, stair-cares 
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&c. are taken from tliis. Tbe price depends on the sur- 
face, whether wrought or plain, the manner of the loi^- 
tndinal and heading-joints, the thickness of stuf^ whether 
the boards be lud one after the other, or folded, or whether 
the floor be laid with boards, battens, or wainscot. 

Skirting, when wide, is also measured by the foot super- 
ficial ; the price depending upon the position, whether level, 
raking, or ramping, or upon the manner of finishing, whe- 
ther plain, torus, or rebated, or scribed to the floor, or to the 
steps, or upon the plan, whether straight or circular. 

Weather-boarding, is measured by the square of 100 su- 
perficial feet. 

Boarded partitions are measured by the square, from 
which must be deducted the doors and windows, except an 
agreement be made to the contrary. 

The price of ail kinds of framing depends on the thick- 
ness, or whether the framing be plain or moulded ; and if 
moulded, the description of moulding, whether struck on the 
solid, or laid in, mitred, or scribed ; as also upon the num- 
ber of panels in a given height and breadth, and upon the 
nature of the plan. 

The different kinds of wainscotting, as window linings, 
door linings, back linings, partitions, doors, shutters, &c. 
arc all measured by the superficial foot. 

Windows are in general valued by the foot superficial ; 
though sometimes by the window. When measured, the 
diniensipns are taken for height, from the top of the cill to 
the under side- of the head, allowing seven inches for the 
head and cill ; and for width in clear of pulley-stiles, allow- 
ing eight inches. The sash and frame are either measured 
together or separately. 

Skylights are measured by the foot superficial, their price 
depending on the plan aud elevation. Framed grounds at 
per foot run. 

Lodged doors by the foot superficial, dado' by the super- 
ficial foot i the price depending whether the plan be straight 
or circular, or the elevation level or inclined. 

In measuring stmr-cascs, the risers, treads, and carriages, 
are generally classed together, and measured by the foot su- 
perficial : the price varying as the steps are flyers or wind- 
ers, as the risers are mitred into the string-board, the treads 
dove-tailed for balusters, and the nosings returned, or whe- 
ther the bottom of the risers be tongued into the treads. The 
curtail step is generally valued as a whole. Returned nosings 
at BO much each ; and if drcolar, double the price of strught 
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ones* T.he brackets at so much each, according to the pat- 
tern, and whether straight or circular. 

Hand-railing is measured by the foot run, the price de- 
pending on the materials, the diameter of the well-hole, or 
M'hethcr ramped, swan- necked, level, circular, or wreathed, 
or whether made oat of the solid, or in thicknesses. The 
scroll is paid at per piece. The joints at so much each, and 
three inches of the straight part at each end of the wreath 
arc included in the measurement. Deal balusters are pre- 
pared and fixed at per piece ; as also iron balusters, iron 
column to curtail, housings to steps, &c. An extra allowance 
is made for the additional labour .in fixing the iron balusters. 

The price of string-board is regulated by the foot super- 
ficial, according to the manner in which it is moulded, whe- 
ther straight, circular, or wreathed, and the manner in 
which such string is backed. The shafts of columns are 
measured by the foot superficial ; the price depending upon 
the diameter, and whether it be straight or curved, or pro- 
perly glued and blocked. If- the column be fluted or reeded, 
the flutes or reeds arc measured by the foot run, their price 
depending upon the size of the flute or reed The headings 
of flutes and reeds are at so much each. Pilasters, straight 
or cuiwed, in the height, are measured in the same way, and 
the price taken per foot superficial in the caps and bases if 
pilasters ; besides the mouldings, the mitres must be so 
much each, according to the size. 

Mouldings are valued by the foot run, as double-faced ar- 
chitraves, base and surbase.' The head of an architrave in 
a circular Wall, is four times the price of the perpendicular 
parts, not only on account of the time required to form the 
mouldings to the circular plan, but on account of the gi'catcr 
difficulty of forming the mitres. 

All horizontal mouldings, circular upon plan, are three or 
four times the price of those on a straight plan ; being 
charged more, as the radius of the circle is less : housings co 
mouldings are valued at so much each, according to the size. 

The price per superficial foot of mouldings is regulated by 
the number of quirks, for each of which an addition is made 
to the foot. 

The price of mouldings depends also upon the materials 
of which they are made, and upon their running figure, whe- 
ther curved or raking. 

In grooving, the stops are paid over and above, and so 
much more must be allowed for all grooves wrought by 
hand, particularly in the parts adjoining the concourse of 
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an a^le : circniar groovtw must be paid atill more. Water 
trunks are measured by JK foot run ; the rate depending 
' upon the side of their sqlHs : the bopper'^beads and shoes 
are valued at so much each> as also are the motilded weather 
caps, and the joints. Scaffolding, &c. used in fixing, is 
charged extra. 

Flooring-boards arc prepared, that is, planed, gauged, and 
rebated to a tliickness at so much each, the price depending 
upgn the length of each bbard ; if more than nine inches 
broad, the rate is increased according to the additional 
width ; each board listing at so much per list. 

The following is a classification of such articles in joinery 
as are usually rated at so much each. 


Trusses. 

("antallvers. 

Rule-joints. 

Cut brackets for shelves. 

Hnusingfs in general. 

Housings to steps. 

Cuttings to standards. 

Elbow cappings.. 

Returned moulded nosings to steps. 
Caps to hand-rails. 

Scroll of hand-rails. 

Making and fi.King joists of haud« 
rsiils with joint-screws. 

Fixing iron columns in curtails. 
Fixing iron baluster, and prepar- 
ing mould. 

Preparing and fixing deal balusters. 


Brackets to stairs. 

Curtail step. 

Clamp-mitres. 

Mitres of pilasters according to 
their size. 

Mitres of cornices. 

Headings to fiiitcs and reeds. 

Hopper-heads and shoes to water- 
trunks. 

Joints to water-trunks. 

Preparing flooring-boards and bat- 
tens. 

Fixing locks and fastenings, per 
article. 

Hole in seat of water-closet. 

Patteros. 


Articles at per foot hinning^ or lineal* 


Sinking to shelves. 

Moulded raisings of panels. 

All raised panels in the extremity 
of the raising to be charged ex- 
tra, 

Capping to wainscot. 

Level circular string-boards to 
stairs. 

Hand-rails. 

Newels to stairs. 

Moulded planters in stairs. 

Sinking in rail for iron hiil or ba- 
lusters. 

Water-trunks and spouts. 

Skirting and door-grounds. 

Beads or fillets. 


Fillets mitred on panels. 

Square or beaded angle -staff, re- 
bated. 

Mouldings. 

Single cornice. 

Single faced architrave. 

Pilasters undiT fo.ur inches wide. 
Boxings to windows. 

Ornamental grooving. 

Narrow linings. 

Legs, rails, and runners of dre|« 
sers. 

Border to hearth. 

Base-moulding. 

Surbase-moulding. 

Narrow skirting. 


Articles per foot superficial* 

Deals planed* ploughed, topgued. Skirting. / 

Waded, glued, and clampea. Sash-framei and sashes. 
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eicyHghts. 

Back, elbow, loiElts. 

Shutters. 

Framed or plaiu back-Hnlngs. 
Door*UAh)ga, Jamba. 

Waiti8eottui^» 

Dado. 

Partitions. 


Steps an^nscato skiirAv fcieliidiiif 

.IPT 

IRRjbbi-faced architraves. 
AfouldinifS wrought by hand, if 
large. 

Shafts of columnar 


PLASTERING. 

The Plasterer is a workman to whom the decorative part 
of architecture owes a considerable portion of its effect^ and 
whose art is requisite in every kind of building. 

The tools of the plasterer consist of a spade or shovel of 
the usual description ; a rakcy with two or three j^rongs, 
bent downwards from the line of the handle5 for mixing the 
hair and mortar together; trowels of various kinds and 
sizes; stopping and picking-out tools; rules called straight^ 
edges ; and wood models* 

lire trowels used by plasterers are more neatly made than 
tools of the same name used by other artificers. The lap^ 
%ng and smoothing tool consists of a flat piece of hardened 
iron, about ten inches in length, and two inches and a iialf 
wide, very thin, and ground to a semicircular shape at one 
end, but left square at the other; and at thj^ back of the plate, 
near the square end, is rivetted a small iron rod with two 
legs, one of which is fixed to the plate, and the other to a 
round wooden handle. With this tool all the first coats of 
plaster is laid on, as are also the last, or, as it is technically 
termed, the setting. The other kinds of trowels are made 
of three or four sizes, for gauging the fine stuff and plaster, 
used in forming cornices, momdiiigs, &c. The longest size 
of these is about seven inches on the plate, which is of po- 
lished steel, about two inches and three quarters broaa at 
the heel, diverging gradually to a point. To the heel or 
broad end a handle is adapted. 

The stopping and picking’-out tools are made of polished 
steel, of ctilferent sizes, though most generally about seven 
or eight inches in length, and half an inch in oreadth, flat- 
tened at both ends, and ground somewhat round, lliese 
tools are med 'iu modelling and finishing mitres and re- 
turns tp eoriolees as likewise in filling-up and perfecting 
the ornaments at the joinings. 

Uve straight-edges are tor keening the work in an even» 
or pcrpejadicular Imei and the mo$Bis or moulds are for niir- 
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Ij^ plain mouldings cornices, &c.; of these latter the 
plasterer requires a ojamber as very little of his 

ing can be done withobt th^m. 

Experienced workmot keep their tools very eVw tn, and 
have them duly polished by the hawk-boys. 

Plasterers have technical divisions of their vrork, by which 
its quality is designated, and value ascertained } as, lathing ; 
laying ; pricking-up; lathing, Taying, and set; lathing, float- 
ing, and set; screed, set or puttv; rendering and set, or 
rendering, floated, and set ; trowelled stucco, &c.; each of 
which, hereafter, we shali very minutely explain. 

In all the operations of plastering, lime extensively 
abounds ; we shall, therefore, first offisr some observations 
on the properties of this important article'. 

All who have written on the subject of lime, as a cement, 
have endeavoured to ascertain wlmt is the due proportion 
of sand for making the most perfect cement; but with a 
little attention it is evident, that all prescribed rales must 
be so very vague uid uncertain, as to be of littld utility to 
the workman, for, besides the variation which is occasioned 
by a more or less degree of calcination, it is a certun fact, 
that some kinds of Time-stone are much more pure, and 
contain a much smaller proportion of sand than others; 
consequently, it would be absurd to say, that pure lime 
requires as small a proportion of sand, when made into 
mortar, as that which originally contained in itself a large 
proiiortion. 

The variation thus produced, in regard to the proportkm 
of sand, is found to be extremely great. It is, however, 
stated, that the best mortar which has come under exa- 
mination, was formed of eleven parts of sand to one of 
lime : to which was added, by measure, between twice and 
thrice its own bulk of sand, which may be allowed to have 
been at least three times its quantity tr|r weight. Supposing, 
therefore, that every particle of the lime bad bceti^o per- 
fectly calcined as to be in a caustic state, there could not be 
less than forty-seven parts of -sand to one of lime ; but it 
Is hard to'stippose, that above one hundredth part of this 
mass, independent of the water, donsisted of pure eaustie 
calcareous earth. .... 

these ransiderations it is conceived, that it is im- 
possible ’tofire^i^be atoy determinate propoalion of sand to 
lime, as that must vary accordit^ to the nature of the litne, 
and other ihcldentol WouM form an 

infinity of dxe^ptibns f6 any' ^nei'al rule. Bht it would 
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seem, that it might be safely infeiml} that .tt» moderps ja 
general rather err in giving too little* than in ipving.tro^ 
much sand. It deserves* however* to be noticed* that . tte 
swid* when naturally in the limC-stohe* is more intimately 
blended with the lime, than can possibly be ever effect^ by 
any mechanical operation ; so that it would be in vain to* 
hope to make equally good mortar artificially from pure 
lime, with so small a proportion of caustic calcareous mat- 
ter, as may sometimes be effected when the lime naturally 
contains a very laige proportion of sand. StiU, however, 
there seems to be no doubt, that if a much larger propor- 
tion of sand than is common i^ere employed, and that more 
carefully and expeditiously blended and worked, the mortar 
would be made much more perfect, as has been proved by 
actual experiments. 

Another circumstance, which greatly tends to vary the 
quality of cement, and to make a greater or smaller pro- 

f )ortion of sand necessary, is, the mode of preparing the 
ime before it is beaten up into mortar. When for plaster, 
it is of great importance to have every particle of the lime- 
stone slaked before worked-up,. for, as smoothness of sur- 
face is the most material point, if any particles of lime be 
beaten-up before sufficiently slaked, the water still continu- 
ing to act on them, will cause them to expand, which will 
produce those excrescences on the surface of the plaster, 
termed blisters. Consequently, in order to obtain a perfect 
kind of plaster, it is absolutely necessaiy^ that the lime, 
before being worked, be allowed to remain a considerable 
time macerating or tottrmg ip water. : the same sort of pro- 
cess, though not absolutely required, would considerably 
improve the lime intended for mortar. Great care is re- 
quired in the management ; the principal thing being the 
procuring of well-burnt lime* and allowing no more lime, 
before worked, than is just sufficient to macerate or sour it 
with tl)p water : the best burnt lime wiU require |he ma- 
ceration of some days. - 

It has been almost universally adniitiied* that the hardest 
lime 'Stone affords the time which will cpnsolidate into the 
firmest ceinient ; hence* it is generally coheluded^ that 'lipie 
made .iff dialk produces a much weaker cement than ttot 
ibade cif-.'ii>arble* or lime-stone. :It wmild, seem, liqwc^r*. 
that* if ' ever be the casq, it is only tp^j|mjt^ly* ap^jiq^ 

necOssarilv. In t^in|akipg.of mortaf* dt|li|i9l.ji|bbs 
oecasionMiy mix^, with lime, which here prdii^d 

CO noti^ Old end^our to point out tlieir 
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Oefectt* Those oommimly-.iuedf besides laod of mimu 
<ieop9lins^Q8> are .m^eced AUMi> 8 toae^ brick-dos^ sad 
sea-sbellB t and 'for formidg^plaster, f^iersLofoseoess rather 
than hardness ia le^nbed, lime which, has .been Midced and 
kept in a diy place till it . has. become nearly ^te^ and, 
powdered cballc, or wbiting, a^ gj^E^in^in varions pro- 
portions, besides hair and othar matfiimiil 8 .of a hudsQbt nature. 
Other ingredients have been mbre.lete^ recommended, such 
as^ earthy balls, slightly burnt and pounded, old mortar 
rubbish, powdered and sifted, and yarions things of the 
like kind, the whole of which are, in some respect or other, 
objectionable. w 

Plaster of Paris- is employed by the plasterer to^fiye tht 
requisite form and finish to all the superior parts of lus work. 

It is made of a fossiie stone, callea gypsum, which is ex- 
cavated in several parts of the neighbourhood of Paris, 
whence it derives its name, and is calcined to ajiowder, to 
(foprive it of iln water of crystallization. The best is 
Montmartre. 

The stones are burnt in kilni, which are generally of very 
simple construction, being hot unfra^uently built of the 
gypsum itself. The pieces to be calcined are loosely put 
together in a parallelepiped heap, below which are vaulted 
pipes or flues, for the application of a moderate heat. 

The calcination must not be carried to excess $ as other- 
wise the plaster will not form a solid mass when mixed with 
a certain portion of water. During the prot^s of calcina- 
tion, the water of crystallization rises as white vapour, 
which, if the atmosphere be dry, is ouickly dissolved in air. 

The pounding of the calcined fragments is performed 
sometimes in mills constructed for the purpose, and some- 
times by men, whose heidth is much impaved by the par- 
ticles of dust settling upon thdr lungs. 

On the river Wolga, m Russim where the burning of gyp- 
sum constitutes one of the chief occuphtions of the pea- 
santry, all kinds of gypsum are burnt promucuously. on 
grates made of wood^ afterwards the plaster is reduced to 
powder, passed tihrongh a sieve, and finally fomed into 
small round cpdGes«MrhiCT are sold at so much per thousand. 

! 'nieee balla/sre reduced into an impalpable powdm by 
the 'n^teter,';and’'^^^l^ mixed with.mortar. loe less Urn 
gypa^ U o^ anbatainoes, the be^r; it is 

qualided for themttfoMey^makiaK carts, ktnera, The 
spwry gypsuini whfoh to the purer kii«i,. ia em- 

ploye folr takfaql iittttfesi^nfe' from ooma- and medals, and 

9k 
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for making those beautiful imitations of marble^ ^nitej 
and porphyiy^ knowO by the . name of- M^lioUtf umitA i»' 
derived from- the4talian word, 

Finely powdered alabaster, or plaster of Paris, when 
heated in a crodble, assumes the appearance of a -fluid, by- 
rolling in waves, yieldfatg toibe touch, steaming, &c. all of 
which properties it agun loses on the departure of the 
heat : if taken from Ibe crucible and thrown upon paper, it 
will not wet it ; but immediately be as motionless as it was 
before exposed to the heat. 

Two or three spoonfuls of burnt alabaster mixed up thin 
with water, will, at. the bottom of a vessel filled with water, 
coagdate into a hard lump, notwithstanding the water 
that surrounds it. The coagulating or setting property 
of burnt alabaster will be ve^ much impaired, or lost, 
if the powder be kept for any considerable time, and 
more especially in the open air. When it has been once 
tempered -wHh water, and anifered to grow hard, it cannot 
be rendered of any farther i^e. 

Plaster of Paris, diluted wim; water into the consistence of 
a soft or thin paste, quickly sets, or grows firm, and at the 
instant of its setting, has its bmk increased. This expansive 
property, in passing from a soft to a firm state, is one of its 
valuable properties; rendering it an excellent matter for 
filling cavities in sundry works, where other earthy mix- 
tures would shrink and leave -vaeuities, or entirely separate 
from the acboinU^ parts. It is also probable that this ex- 
pansion of toe plaster might be made- to contribute to the 
elegance of the impressions it receives from medals, &c. 
properly confining it when soft, so that, at its expansion, it 
would be forced into the minutest traces of the fibres. 

A {daster of a ccarser description, made of a bludsh 
stone, much like that oif which' Dutch terras are made;' 
is sometimes used in this country, for floors in gentlemen’s 
houses,, and for com-granaries. - This stone, Whjen burnt 
after the manner of lime, assumes a ndute ap^rauce, 'but' 
does not ferment on being mixed with Water: when bold, it- 
is reduced to a finepowim. - -Aboub.alntahel^f tbit powder' 
is put into a tub, and watnr is applied H^becbmes liquid. 
In this '-^te it is wdll atfrmiwitfa^a s6ek>%Bd -us^’ im- 
me^at^.y for ihiess than'a quaHeV ‘Maiyhdpr U beossnet •< 
hard 8^ useless,' as ‘H WiH not.. mlxedVa 

sectm^iiilhe. ‘ '• '■ '■ r.-;. 

OflmriC^eiits ai^ used by -’pbiaier^^fbv- Inside w<Hrk;^ 
The' Ifrst ia CiAed'/^ntr tend flafr;; add te pre-^ 
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parad M common mortar, witii the addition of h«r from 
the ttm-yards. mortar ia first , mined with a requisite 
quantity of sand, uid ' the hair is tdttewmds worked in by 
the application of a rake; 

Next to this is jbie whlkth. is merdy pure lime, 
slaked first with a small qnanti^iOfHsMterjr .imd afterward, 
without any extruteous addition, supetaaturated with water, 
and pot into a tub in ahalf fluid stah^ udiereit is allowed to 
remain till the water is evaporated. In some navicular cases, 
a small portion of hair is incorporateih ; When this fine 
stuff is used for indde wdls, it ia mixed with very fine 
washed smid, in the proportion of Onaipqrt Sand to three 
parts of fine stuff, and is then called MnoisUed or bastard 
stucco, with which all walki intended to be^ punted are 
finished. 

The cement called gastgr stuff, consists of three-fifths of 
fine stuff, and one-fifth plaster of Paris, mixed together with 
water, in small quantities at a time, to render it more ready 
to set. Ibis composition is mpstly used in forming cor- 
nices and mouldings run with a wooden mould, nben 
great expedition is required, plasterers' gauge all their mor- 
tars with plaster of Paris, which sets immediately. 

The technics divisions of plasterer's work shall now claim 
Qur attention. ' 

Lathing, the first operation, consists in nailing imhson the 
ceiling, or ^rtition. If the laths be of oak, they will require 
wrought iron nails ; but if of deal, nails made of cast iron 
may be used. Those mostly used in London are of fir, im- 

E orted from America and the Baltic, in pieces called staves. 

laths are made in three foot and .fimr foot lengths : and 
with respect to their thickness and atmn^, are either sin- 
gle, lath and half, or double. HieiBingte are the thinnest 
and cheapest | those called and are supposed to be 
one third thicker than the sin|^le ; and the double laths are 
twice that thickness. In lathing ceilings, the plasterer 
shonld use both the lengths alluded to, and in nailing them 
upj should so dispose' them j that the joints be as much 
broken as posribl^ that they 'may have the stronger key or 
tie, and therehfVStrengthen> the plastering with which tl^ 
are to be cov^rm. Ibe thinnest mtha are used in partitions, 
and ^ stroiwmblbrorillim. 

Latittwre uso»dhit!hgalshefd into heart and sap laths : the 
finriner should always bemsed- in' plmn tiling j tiie latter, 
which are of inferior qumly, mh most firequentiy ust^ by 
the'plastetm'. ..... 

2r2 
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Laths should beasevftiljtfltdit as possible. *11u>s«tbat 
ai% very crooked should n6t''be*it8ed; or the crooked {Mit 
should *be cut out ; md such as have a short 'coocavity oc 
the one side, and a convexity on the other, not veryim-' 
iHlnent, should be placed With the concave sides outwards. 

The follovtuqg is tbOlbethod of rending or splitting laths. 
The lath-oleavCM having W thdr timber into the required 
lengths, cleave each piece'with wedges, into dght, twelve, 
or sixteen pieces, according to the scantling of the timber, 
cidled boiUt'i and then, with dowl-axes, in the direction of 
the felt-grain, Xetta^ feltiagf into vises for the breadth of 
the laths ; and,.la8tiy‘, udth the ehit, clear them into thick- 
nesses by the qokattitr ^aSn. 

Having nuled (he laths in their appropriate order, the 
plasterer’s next business is to cover tliem with , plaster, 
the most simple aml common operation of which, is lay- 
ing } that is, spreading a single coat of lime and hair over 
the whole ceiling, or partition ; careflilly observing to keep 
it smooth and even in every direction, ^is is the cheapest 
kind of plastering. 

Priemng up is performed in the samemanner as the fore- 
going ; but is only a pveliminai^ to a more perfect kind 
of work. After the plaster is laid on, it is crossed all over 
with the end of a lath, to g^e it a tie or key to the coat 
which is afterwards to be laid upon it. 

Lathing, laying, and tel, or what is termed lath and plas- 
ter, one coect aa/d set, is, when tiie work, after being lathed, 
is covered with one coat of lime and hair, end afterwards, 
when sufficiently dry, a thin and smooth coat- spread over it, 
consisting of lime only, or, as the workmen call it, putty, 
m set. Thie coat is spread with a smoothing-trowel, used 
by the workman with his right ham^ while his left hand 
moves a large flat brush hc^s bristles, dipped in water, 
backwards and forwards ovtt and tiius produrKs a: sur- 
face tolerably evm for cheap work. 

Lathing, Jloatiw, and stt^ lath and . platter ^ one eaatf 

fictated amtsH, dif^ from tee foregoing. In hm^ii^ tiie first 
coat pUcked up to reedve tiie>setj. wbi^ Is here sailed tee 
fioating, -In doing tlds, the |te>*terer is -jpiovided with -a 
sttbstewlal straight edge,' fioquently ftotn ten to twelve .ftet 
in Icag i lh , which must be used 1^ two wjcsrjkmen. Alktiie 
pabllte'be floidod are tiied% apliinnb>dkie^’4o ascertain . 
whbte^i'tbiy .bn perfect^ flat and lev^ and whenever aav’ 
diffiiriMKgr apfwatev’ the hoHowis &ted wkh a-trowd IbIL 
rtf more dP lime-and habr'OOly> wlddi is tnmu^jSUinjg out. 
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MiAl«lb^(bese,prdiQ)in»rieftm setkl^ the lewdlr are next 

styleo^limeaod hair,aboia 
8eveQ~fir.,«^bt iacbes io width, gan^.quite tme, by draw- 
ii^;JlM8tnugbt .edf{eQyer .it tmtil it b^so.. These screeds 
aretcaade'at the dktaaoe pf aboipt^three or four feet from 
each other, in a vmicai diie»tkiia 
and waits of a room. Whmi aU- ism mrnijB% -the 
are', filled up with lime and luiir,: called .py die workmen, 
stufft till flush with the fiice of the aqrae^. The straight 
ed^.is then worked horizontallv' on dm screedsi, by which 
all the superfluous Btuii|! iffojecmg bwondotbero in the in'* 
tervals is removed, .and a plain wnaiQe,< produced. This 
operation is termed floatings and may be-^plied to ceilii^ 
as wdles to partitions, or upright walls, by>^t forming 
the screeds in the direction of the breadth of the apartment, 
and filling up the intervals as above described. As great 
care is requisite to render the plaster sound and even, none 
but skilful workmen should be employed. 

The set to floated-workis performs in a mode similar to 
that ali'eady prescribed for Imping} but being employed 
only for best rooms, is deme with more care. About one- 
sixth of plaster of Paris is added to it, to make it set more 
expeditious^, to give it. a closer and more compact ap- 
pearance, and to render it more firm and better calculatkl 
to receive the white-wash or colour when dry. For floated 
Stucco-Work the pricking up coat cannot be too dry j but, if 
the floating wbicn is to receive, foe setting ^gpat be too (^, 
before the set is laid on, there udll be danger of its peeling 
ofi, or of assuming the appearance.uf little cracks, or shells, 
which would disj^re the wofo. Particular care and at- 
tention therefore mustbepaid to have foe undercoats in a 
pioper state, of diyness. It may hmuc^be observed, that 
cra^, and other unpleasant iqipearances in ceilings, are 
more frequently the effect of weak laths being covered with 
too much plaster, or too little plaster upon strong laths, 
rather thah of any sagging or otW inadequacy in the tim- 
bers, or the -buHding«t. If the.latbs be properly attended to> 
Slid the planter laid..<m'by a careful and judicious workman, 
no. cracks or mbar blemisbeB are likely to ^pear. 

The next owfotion combines both the foregoing, pro- 
cesses^ but. reqimes no larifing; it is called rendering mud 
<Xu»mderu^i.-i^f 0 ^edy . md.set* What is understood^ by 
rendering, is tBe.:co|!ering^0f a atone wall wifo^a 

of nme ud.vhifo’i anil bya«^. is -dmioted w supmfidal 
coat of feneatoff mrjjpnttyitqKip.foe renderiog.' These.^^ 
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rations are similar to those described for 'setting ' of 
and partitions s and the Jloaied <md set\s\^A on .tbe-ren> 
dering in the same manner as the partition^, already 
explfuned, -for the best kind of work. 

TVomlled ttaeco, whfoh is a rery un kind ^ work^ used 
in dining-rooms, halfit,^^;' vriiere the walls are prepared to 
be painted, miist be worked upon a floated ground, and the 
floating be quite dry before the stucco is applied. In this 
process the i^lastereria provided with a wooden tool, called 
a jfioat, consisting erf' a piece of half inch deal, about nine 
inches long and* three wide, planedi|smooth, with its lower 
edges a little rounded off, and having a handle on the upper 
sunacc. The stucco is pr^ared as above described, and 
afterwards well beaten, and tempered with clear water. 
The ground intended to be stuccoed is first prepared with 
the large trowel, and is made as smooth and level as pos- 
sible ; when the stucco has been spread upon it to the extent 
of four or five feet square, the workman, with a float in bis 
right hand and a brush in his left, sprinkles with water, and 
robs alternately the face of the stucco, till the whole is re- 
duced to a fine even surface. He riien prepares another 
square of the ground, and proceeds as before, till the whole 
is completed. The water has the effect of hardening the 
face of tlie stucco. When the floating is well performed, it 
'will feel as smooth as glass. 

« Rough caaHngf or rough waning, is aq exterior finishing, 
much cheaper -(ban stucco, and, therefore, more frequently 
employed on cottiges, farm-houses, &c. than on buildings 
of a higher class. The wall intended to be rough-cast, is 
first pricked-up with a coat of lime and hair; and when 
this is tolerably dry, a second coat is laid on. of the same 
materials as the first, ai smooth as it can. possibly be spread. 
As fast as the workman finishes this surfhee, be is followed 
by another with d phil-full of roUg^-cast, vvith which be 
bespatters the new plastering, and the whole dries together 
The- rough-cast w composed of fine gravel, washed from all 
earthy parUcles, and mixed with pure lime and water till 
the whole is of a semi-fluid consisteney. This is tbrovMi 
from the pail upon the nialt mth » wt^en float, about -five 
or six ipebes.. long, and as many wide, n^e of half-inch 
dedf.-ani|j6tted wira a roiind deal bkhdle.- Whil^ vvith this 
^hi^^erer throws on the rouj^'^t with his'right 
l^d^fqi^.lmlda iu his'teff a edma;^. h^hitpuhtshebi' brushy 
dtppmy^ the iqt^b-east also^ with ‘lyhieh. he bynshes hnd 
coldinCtiiiehfortttr and^e hjehM irireidy sprdad^ 
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to giro them* when finished, « rc^lar nniform cdoor and 
agpc^l^oe. . . . ' 

Cornices, are either ptaia or ohiamented, and sometimes 
embrace a portion of b^h olass^ The first point to be 
attended to is, to examine the dravii^, and measure the 
projections of the principal wbicjk if projecting 

more than seven or eighf incbra, mart be bii^etted. This 
consists in fixing ap pieces of wood, at thedietance of about 
ten or twelve inches from each other, all round the place 
proposed for the cornice, and nailing laths to them, covering 
the whole with a coat qf plaster. In the brackets, the stufl' 
necessary to form the cornices must- be allowed, which in 
general is about one inch and a quarter. A beech mould is 
next made by the carpenter, of the profile of the intended 
cornice, about a quarter of an inch in thickness, with the 
quirks, or small sinkings, of brass or copper. All the sharp 
edges are carefully removed by the plasterer, who opens 
, with his knife all the points which he finds incompetent to 
receive the piaster freely. 

These preliminaries being adjusted, two workmen, pro. 
vided with a tub of potty and a quantity of plaster of Paris, 
proceed to run the cornice. Before using the mould, thc7 
gauge a screed of putty and plaster upon the wall and ceil- 
ing, covering so much of each as will correspond 'with the 
top and bottom of the intended cornice. On this screed 
one or two slight deal strught-edges, adapted to as many 
notches or chases made in the mould for it to work upon, 
are nailed. The putty is then mixed with Ifbout one-third 
of plaster of Paris, and brought to a semi-fiuid state by the 
addition of clean water. One of the workmen, with two or 
three trowels-full of this composition upon his Aau/A, which 
he holds in his left hdnd, begins to plaster over the surface 
intended for the cornice, with his trowel, while his partner 
applies the mould to ascertain when more or less is wanted. 
When a sufficient quantity of plaster is laid on, the workmen 
holds bis mould firmly against both the ceiling and the wall, and 
moves it backwards and forwards, wluch removes the super- 
fluous stuff, and leaves an exact impression of the mould ^ 
upon the plaster. This is not effectea at once; for while he 
works the mould backilvards and forwards, the .other work- 
man takes notice of any deficiences, and fills them up by 
adding fresh snpnliea df plaster. ' In this manner a cproice 
from ten to twelve feet in; length may be fonped id h veiy 
shqrt time V indeed, caqied^tibn is essentiidly rej^uisite, aa the 
piaster of ^aris occasidiis *' very great tendent^ in the putfy 
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to'set, to preireht Mrlrich, it is ueo^maiy to-kpriDlcle th« loni- 
position flreqaently witn waferi, aa plasteton, -in ordef'to 
secure the trutli and coitectneM of tbe cdittice, r^erally 
endeavoof to finish all the - lengths, or pie^, hetweed ady 
two bn^ or prcjectfonis; at one tioife. In ' cornices d^ich ' 
have very lam pro^itioi^/iihnd in cases Where any of tte 
orders of arCTitectute-are to .-bet^ntrodnced, three or fotir 
moulds are required, and are aimilsely applied, tHl-all the 
parts are formed. Internal .and external mitres, and small 
returns, or breaks, aie afterwards modelled and filled np by 
band, ^ 

Cornices to be .enriched, with ornaments, have certain in- 
dentations, or sinkings, left in the mould in' which the casts 
are Isid. lliese ornaments were formerly made by band ; 
but now are cast in plaster of Paris, from clay models. 
When the clay model is finished, and has, by exposure to 
the action of the atmosphere, acquired some degree of firm- 
ness, it is let into a wooden frame, and when it has been , 
retouched and finished, the frame is filled with melted wax, 
which, when cold, is, by lurning the frame upside down, 
allowed to fall off, bdog an exact cameo, or Counterpart, of 
the model. By these means, the most enriched and curi- 
ously wrought mouldings- may be Cost' by the common plas- 
terer. These wax models are contrived to east about a (dot 
in length of the ornament at once; such lengths being most 
easily got out from the cameo. - The casts are made of the 
finest and purest plaster of Paris, saturated with water ; and 
the wax mould^s oiled previously to its being put in. When 
the casts, or intaglios, are first taken from the mould, they 
are not veiy firm j but beitagr suffered tadiy a little^ either 
in the open air or an OVCtii^l^bey acquire sufficient hardness 
to allow of being scraped and cleaned'.' 

Basso-relievos apd friezes are executed in a similar man- 
ner, only the wax mould ta so made, that the cast can have 
a back-ground at least half an inch thick of plaster-cast to 
the ornament or figure, in order to strengthen and secure 
the prbportiotitt at the same time that it promotes the- ge- 
'imrai.effec& ' . 

“ The protlh»s for capitals to column's, is also the same, ex- 
cept tb^'^ifinerous moulds arevCquired to complete them. 
IV ^ ^rblihiaD capital a shaft oc belt is first made,' on 
afterwards fixed the foliage an<i^v|totes| the wbble 
distiaet cameos. ‘ ■ 

are to bb' en^obmib the piaii- 
■KVilr-tlifemtwrb projeciiona^to' tl^l. mny^nj g. 
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. 80. AP .to Qtak« « groove io jthe ooniice, for the recep- 

tiofi; ;C^, tke cMt QtoAmpn^ which is laid in and secnred iw 
spreading a p)na)l quantity^of liquid plaster of Paris on its 
bpok* ^ .IJete^'h^ ornaments intended for. ceilings or ether 
parts* unfiwMretpQ moning mould has-been employed* are 
in piecep.eorrefiModiog wit^jl^ 0e«gn* and d<kd upon 
the ceUing, &o. with white-lead* or tyith tho composition 
known -by the ntnae ol.fron-cemtof; 

The manufecture,of stucco has* for. a lone time past* at- 
tracted the ettention of all eonnected with this branch of 
building* as well as chemists and other individuals ; but the 
only benedt resulting from, such investij^d^n is, a more ex* 
tensive knowledge of the materials used/ It would seem, 
that the great moisture of our climate prevents its being' 
brought to any high degree of perfection ; thbngh* among 
the various compositions which have been tried and. pro- 
posed, some, comparatively, speaking, are excellent. 

“ Common stucco, used for external work, consists of clean 
washed Thames sand and ground Dorking lime, which are 
mixed dry, in the proportion of three of the latter to one of 
the former : when well incorporated blether, these should 
be secured from the air in casks till required for use. Walls 
to be covered with this compositioo, most first be prepared, 
by raking tbe mortar from toe joints, and picking the bricks 
or stones, till the whole is indented : tbe dost and other 
extraneous matter, most then be brpriied off, wd the wall 
.well saturated with. clean water., Tbe stucco is supersatu- 
rated with water, till it has tbe appearanou'and consistence 
of ordinary white-wash, in which state it is robbed over the 
wall with a flat, brush of hogs’ bristles. When this process, 
called roughing in, has been pevtormed, and the work has 
become tolerably dry and bafd,|Wbicb may be known by its 
being more white and transparent, tbe screeds are to be 
formed upon tbe wall with fresh stucco from the.cask, tem- 
pered with water to a proper ccAssisteDny* and spread on the 
upper-part of tbe wall, about eight or nine inches wide as 
also, against the two ends, beginning at tbe top and proceeding 
downwards to the bottom. In this operation, two workmen 
are requir^j one to supply tbe stucco, the other to apply 
.the plumb-rule end. atrsight-edgo* ,:. When these are truly 
formod, other acrepds mn^'he made in a, vertical direction, 
about ifonv ofr^ve feet apart, onlesp iqjertores in the wall 
prevent it, in which case, .they must, be formto as Beartojye- 
Jhqr to posnbld> When me apftodiug is fin^hed* compo is 
preparfd^fp Iarger4]uantiiw8^ and both the Hitoed 
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it vitb their trowels over the wall in Uie space left between 
each pair of screeds. When this operaUon ia complete^ the 
straignt-Cd^ is' applied, and dragged from the top to the 
bottom of eadi {Mir, to remove whatever saperfli^oas etncco 
may prefect above the screeds. If there be any hollow 
places, fresh stucco is applied, and the straightedge is again 
drawn over the spot, till the compo is brought even to the 
face of the screeds, and the whole is level with the edge of the 
rule. Another interval is then filled up, and ‘the workmen 
thus proceed till the whole of the wall is covered. The 
wall is finished by floating,, that is, bardenin|[ the surface, 
by sprinkling it with water, and rubbing it with the com- 
mon wood-float, which is performed similarly to trowelling 
stucco. 

This description of compo is frequently used by plas- 
terers for cornices and mouldings,, in the same manner as 
described in common plastering ; but if the workman finds 
it necessary, he may add a small quantity of plaster of Paris, 
to make it fix the better while running or working the 
mould. Such addition is not, however, calculated to give 
strength to the stucco, and is only made through the neces- 
sity of having a quick set. 

In the year 1796, Mr. Parker obtained a patentfor a cement 
that is im|)ervioos to water, and which may be successfully 
employed in ice houses, .cisterns, tanks, &c. In bis speci- 
fication Mr. Parker states, that " nodules of clay, or argil- 
laceous stone, generally contain water in their centre, sur- 
rounded iw calcareous crystals, having veins of calcareous 
matter. They are formed in clay, and 'are of a brown 
colour like the clay.” These nodules be directs should, after 
bein^ broken into small pieces and burnt in a kiln, with a heat 
that is nearly sufficient to vitrify them, be reduced to pow- 
der: -when two measures of water added to five of this 
powder, will produce tarras. Lime and other matters may 
be added or withheld at pleasure ; and the proportion of 
Mrater 'may be varied. ; • 

. .The terpl .of.lfae patent bdqg now expired, many other 
mana&ct<Blle of this cement have been established, which 
produce it df eqhar goodness, and some nf them of rather 
b^tcr colo^, r.wbicE ' is ef^. importi^f, since the .fteseo- 
paiathtg br .'white- wash,".^d op Mr. Parker’S composition, is 
itton twod off; Ify the "taihi and 4eaves the WaHs. of a din^ 
anff uti(deasfajlt appehnmee, 

‘T^ftet^d|p^^gi, t^..S,hdniDg, is laid on ,Cl^;waUs da# 
ymied tdthr dNl^npSdn^^o them the . appearance tff 
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tfone buildings and is performed by dilating salpbnric acid, 
(oU b/viirio^) with water, aod adding flaid-oefares, &c. of 
the' required tint. 

When stucco is washed over with this mhetnre, the affinity 
existing in the Iron of the cement . M’ases} and the acid and 
colour suspended in and upon ^ i^acco are 6xed. When 
dexterously managed, the surfaqer assumes the appearance 
of an a’shiar bond of masonry. 

ScagUdla is a distinct branch of plastering, discovered or 
invented, and much used in Italy, and thence introduced 
into France, where it obtained iu nad)et the late Mr. H. 
Holland, who introduced it into England engaged artists 
from Paris, some of whom, finding a demiand for their labour, 
remained iu this country, and instructed the natives in 
the hit. 

Columns and pilasters are executed in this branch of 
plastering in the following manner: A wooden cradle, 
composed of thin strips of deal, or other wood, is made to 
represent the column designed ; but about two inches and a 
half less in diameter than the shaft is intended to be when 
finished. This cradle is lathed round, as for common plas- 
tering, and then covered with a pricking up coat of lime 
and hair. When this is quite dry, the 'hrUsls in scagliola 
commence operations, by imitations of the' most rare and 
precious marbles, with astonishing and delusive effect ; in- 
deed, as the imitation takes as high a polish, and feels 
as cold and hani as the most compact tjud solid marble, 
nothing short of actual fracture can posiubly discover the 
counterfeit. ^ 

In preparing the scagliola, the workman selects, breaks, ■ 
and calcines the purest gypsuni, and as soon as the largest 
fragments, in the process of calcination, lose their brilliancy, 
withdraws the fire, and passes the calcined pbwder through 
a vetT fine sievej and mixes it, as required for use, with a 
solution of glue, isinglass, &c. In this solution the colours 
required in the marble to be imitated are diffused; but 
when the- work is to be of various coloufs, each colour is 
prepared separately, and afterwards mingled and combined, 
nearly in the same madher as a painter mixes on bis palette 
the primitive etdours fb uompose bis different tints. 

When the uowddred gypsum is piUpared, it is laid on the, 
shaft of the mfended column, over the pricked- up coat of 
lime and hair, and is then flouted 'vHcb' moulds of wood, 
iifadotq tlmV^oisite siie : the'irtist .asek thh oolduts neces- 
sary 'fdr- the hhit&tlon daring the fldiititrg,'by which means 
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they niiogle aod iocorponte with the sorface. To <d>talti 
the glossy lastrQ so mocb admired in worfei' of marblet the 
wor-kmao rubs the work with one hand with 'a pttmiceistbne, 
while with the other he .cleans - it with a wet spoeget' be 
next polishes It with - tripc^ obareoal, and a fdeee 'Of fine 
linen ; afterwards with a piece of felt dipped in a roixtore 
of oil and tripeli^ and finaUy completes the work by the ap- 
plication of pore oil. This imitation isy certainly, the mcwt 
complete .that can be conceived ; nnd when the bases and 
capitals are made ofreal ma^ie^ as is the common practice, 
the deception is beyond diwovery. If not ex^ed to the 
weather, it is, in point of darability^ little inferior to reri 
marble, retains its lostre fall as' long^ and is not one-eighth 
of the expense of the cheapest kind. . 

There is another species of plastering, used in the deco- 
rative parts of architecture, and for the fraines of pictures, 
looking-glasses, &c, which is a perfectly distinct branch of 
the art. This composition, which is- very strong, and, when 
quite dry, of a brownish colour, consists Of the proportion 
of two ponnds of powdered whiting, one pound of glue in 
solution, and half a pound of linseed oil, mixed together, 
and heated in a copper, and stirred with a spatula, rill the 
-whole is iocterporated. When cool, it is laid npon a stone, 
covered with powdered wbitii^, aud beaten till it assumes a 
tough and firm consistence} after which it is coveted with 
wet cloths, to keep it fresh, till required- for use. 

The ornaments to be cast in this composition, are mo- 
delled in day, as in . common plastering,- aed^afterwards a 
cameo, or mould, - is .carved in bex-w»M'. This carvh^^- 
requires to be done with the utmost care* otherwise the 
syoimctty of the oruamcnt wbiob-is to be cast from it will 
be spoiled. The composition, -when required for use, is cut 
with a knife into pieces of the requisite size, and forced 
into the mould j after which it is put into a press, worked 
by ;aii iron screwj and stiU -further compressed. ' When 
the muirid is. taken- from the press, the-composirion, which 
is gcneraliy castkbonha foot in length, 48 dislodged from thd 
mo«riri,.aod the.superfinoas parts pared off with a knSkyltnd 
tiasit into the eappec'fi|r.‘the next snpply. s - ’ 

The: ornaments thus.-foemed-fnm^lffaad npon.woodenydr 
oi:bejr.gr.(wnd8,.or fixed byineans of’wtote teadv i^er 
wMob tbejr acct paiifted or gift, according eb.tbwpnr^sdHlk 
wbleh th^ibkto InUMtdedt'^ .compMfioiii^fs ni'-tisaii 60 
per centK.ctii^lpfr’ttoM waiririog, and;' io>l»tot 

i»dcqIaiffii.to.iHeewr^tbe pQit^^ cffrtiiftoM* 
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It is tnoch to be t^hed« thot the srt of (Mastering e^olfl 
be restored to its aocient perfection } for the ttn inaos pos- 
sessed an art of rendering works of thia kind mneb more 
firm and dun^>le than ean be accomplished at the present 
time. ^ “ 

The specimens of ancient Roman plastering still visible^ 
which have not been injured by force, are found to be firm 
and solid, free from cracks or crevices, and as smooth and 
polished on the surface as when first applied.;) The sides 
and bottoms of the Roman aqii^ncts were lined with this 
plastering, and endured many i^es. 

At Venice, some of the roofs of houses, and the floors of 
rooms, are covered with a sort of plaster of later date, and 
yet strong enough to endure the sun and weather for several 
ages, without either cracking or spoiling. 

The method of making the Venetian composition is not 
known in England ; but such might probably be made by beat- 
ing the powder of gypsum over afire, and when boiling, which 
it will do without the aidof water, or other fluid, mixing it with 
resin, or pitch, or both together, with common sulphur, and 
the powder of sea>ahells. If these be mixed together, water 
addra to it, and thecomposition kept on thefiretill the instant 
of its being used, it is not improbable that the secret may be 
discovered. Oil of turpentine and wax, which are the com- 
mon ingredients in such cements as are accounted firmest, 
may also be tried as additions; as also may strong ale wort, 
which is by sotbe directed to to used instead of water, to 
tbake mortar of lime-stone of more than ordinary strength. 


SLATING 

This broacn of ouilding, which is prindpally employed in 
the covering of roofs, is not nnftequently combined with 
that of plastering. The slates ^ebiefly used in London are 
brought from the quteriea at Bangor, in Caernarvonshire, 
which supply all parts, of the United Kingdom. Another 
kind of slate, of a pale lilnok.green oolour, is used, and most 
esteemed, being brought from Kendal, in Westmoreland, 
C(ri(ed fFittimttelana *latea. These slates are not large; 
but of good substance, and well ealetdated to give a neat 
appearance to a roof. tW Scottish slater which aarimilates 
in sise and qoaU^ ton alue torn Wsie^ oalled fodKsv, is in 
little repute. 
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Slaters class the Welsh slates in the fullonriog order t 
' Ft. lu. Ft. In. 


Dottblest arenijfe size, 1 bj 0 e 
Ladies* 1 0 8 

Countesses, 1 O 10 

Duchesses, S 1 

Welsh rags, 8 8 

Queens, 8 8 

Imperials, 8 8 

Patent slate, 8. 8 


The doubles, are made froiA fragments of the larger kinds, 
and derive their name from their diminutive size. Ladies 
are similarly obtained. Countesses are a gradation above 
ladies j and duchesses above countesses. 

Slate, like most other stony substances, is separated from 
its bed by the ignidon of gunpowder. The blocks, thus 
obtained, are, by the application of wedges, reduced into 
layers, called scantlings, from four to nine inches in thick- 
ness, and of any required length and breadth, which arc 
afterwards sawn to the respective sizes by machinery. The 
blue, green, and purple, or darker kinds of slate, are, in 
general, found capable of being split into very thin laminse, 
or sheets j but those of the white or brownish free- stone 
kind, can seldom be separated or divided so fine; conse- 
quently, these last form beav^, strong, thick coverings, pro- 
per for buildings in exposed situations, such as bams, stables, 
and other out-houses. 

The iustruments used in splitting and cleaning slates ar^ 
slate-knives, axes, bars, and wedges ; the three first being' 
used to reduce the slates into the required thicknesses, and 
the last to remove the inequalities from the surface. 

Imperial slating is particularly neat, and may be known 
by having its lower ed^e sawn ; whereas all other ^slates 
used for covering are chipped square on their edges only. 

Patent slate was first brought into use by Mr. Wyatt, the 
architect ; but a patmit was never obtained. It derives iti 
name from the node adopted to Ja^ it on roofs ; it may be 
laid on a rafter of 'much less elevation than any other, and 
is conriderably lighter^ by reason of the laps being less than 
is necessary for the common sosti.i^ slating. This slatin; 
was oiigioally mode from Welsh rv^si but is now very 
freqgeptiy noade firom Imperials, which render it lighter, and 
^abQmmtQVbKk qeattar.ia appearance. 

the eJtpei^meots made by the late 
l^sbi^qf IjpAdad^ap^rs to differ litde in its uainml oom-r 
position from that obtfuned foom Wales. ' It must, however 
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* be rcfnnrked, that this kind of slate owes its lightncssi not 
so much to aoy diversity in the component parts of the 
stone, as to the thinness to which it is reduced by the work- 
men; consequently, it is not so well calculated to resist 
violent winds as those which are heavier. 

Slates, when brought from the quarry, are not sufficiently 
square for the slater’s use ; he therefore picks up and exa- 
mines the slates separately, and observes which is the 
strongest and squarcst end ; then, seating himself, he holds 
the slate a little slanting upon, and projecting about an inch 
over, the edge of a small block of wood, which is of the 
same height as his seat, and cuts away and makes' stra^fht 
one of its edges; then, with a slip of wood, he gauges, and 
cuts off the other edge parallel to it, and squares the end. 
The slate is now considered prepared for use, with the 
exception of perforating through its opposite ends two small 
holes, for the reception of the nails which are to confine it 
to the roof. Copper and zinc nails, or iron nails tinned, arc 
considered the best, being less susceptible of oxidation than 
nails made of bar iron. 

Before we proceed further with the operations necessary 
in the slating of building, we shall give some account of the 
tools used by this class of artificers. 

Slaters’ tools arc very few, which sometimes are found by 
the masters, and sometimes by the men, llie tool called 
the saixe, is made of tempered iron, about sixteen inches in 
length, and two infches in width, somewhat bent at one end, 
with a handle of wood'at the other. This tool is not unlike 
A large knife, except that it has on its Imck a projecting piece 
of iron, about three inches in length, drawn to a sharp 
point. This tool is used to chip or cut all the slates to the 
required sizes. 

The rij^er is also of iron, about the same length as the 
saixe; it has a very thin blade, about an inch and three- 
quarters wide, tapered somewhat towards the top, where a 
round.faead projects over the blade about half an inch on 
each side : it has also two little roaud notches in the two 
iutemid angles at their intersoctions. <Tbe handle of this 
tool is raised above the bliKlmby a. shoulder, which enables 
theworiemanto hold itfira. This instramrat is used in 
repairing old. slating, and the application consntS'in thrust- 
ing -tte bla^ under tim states, so that the head, which pro- 
iects, may catch the nail in the Uttle notch at ita intersee* 
tioD, and eua^ the workman to draw it out. DurittBf 
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operation the slate is sufficiently loosened to allow of its 
being removed, and another inserted in its place. 

The hammer f which is somewhat different in shape to the 
ordinary tool of that name, is about live inches in height 
on the hammer, or driving part, and the top is bent back, and 
ground to a tolerably sharp point, its lower or flat end, 
which is quite round, being about three-quarters of an inch 
in diameter. On this side of the driving part is a* small 
projection, with a notch in the centre, which is used as a 
claw to extract such nuls hs do not drive satisfactorily. 

The shaving-tool is used for getting the slates to a smooth 
face for skirtings, floors of balconies, &c. It consists of an 
iron blade, shaipened at one of its ends like a chisel, and 
mortised through the centre of two round wooden handles, 
one fixed at one end, and the other about the middle of the 
blade. The blade is about eleven inches long, and two inches 
wide, and the handle is about ten inches long, so that they 
project about four inches on each side of the blade. In using 
this tool, the workman places one hand on each side of the 
handle that is in the middle of the blade, and allows the 
other to press against both his wrists. In this manner he 
removes all the uneven parts from off the &ce of the slate, 
and gets it to a smooth surface. 

The other tools used by the slater consist of chisels, 
gouges, and files of all sizes ; by means of which he finishes 
the slates into mouldings and other required forms. 

In slating roofs, it is necessary to form a base or floor for 
the slates to lay compactly and safely upon ; for doubles and 
ladies, boarding is required, which must be laid very even, 
with the joints close, and properly secured by nails to the 
rafters. This being completed, the slater provides himself 
^th several slips of wood, called tilting fillets, about ten 
inches and a half wide, and three-quarters of an inch 
thick on one edra, and ohamfered to an arris on the other, 
which he nails down all round the extreme edges of the 
roof, b^inning with the hips, if anv, and if not, with the 
sides, eaves, and ridge. He next selects the largest of the 
slates, and arranges them regularly along the eaves with 
(hep lower edges to a line, »a4jb^ls them to the boarding. 
ThU part of the work bmng'^wmpleted, he takes other 
fhtlKs to form.the bond to the under sides of the eaves, and 
traces them under those previously lud, so as to cross and 
cover all ffieir joints.. Such slates are pushed ut> lightiy 
under those ediiw are above them, and are seldom nail^ 
but left dependent for support on the weight of those above 
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Ifaeni) And tbdrswn weight on the boarding. The eounttsuM 
• and all other description of slates, when intended to be laid 
in a good manner, are also laid on boards. 

When the slater has finished the caves, he strains a line 
on the face of the upper slates, parallel to its outer edge, 
and as far from it as he deems sufficient for the lap of those 
he intends shall form the next course, which is laid and 
nailed even with the line, crossing the joints of the upper 
slates of the caves. Thjs lining ahd laying is continued 
close to the ridge of the roo^ observing throughout to cross 
the dlifercut joints, by laying the slates one above another. 
The same system is uniformly followed in laying all the 
different sorts of slates, with the exception of those called 
patent slates, as arc hereafter explained. 

The largest kinds of slate, are found to lay firm on bat- 
tens, which are, consequently, much employed, and pro* 
dace a veiy considerable saviug of expense in large build- 
ings. A batten is* a nanow portipn of deal, al>out two 
inches and a half, or three inches wide ; four of them being 
Commonly procured from an eleven inch board. 

For countess slates, battens three-quarters of an inch 
thick, will be of adequate, substance ; but for the larger and 
heavier kiuds, inch battens will be necessary. In battening 
a roof fof slates, the battens arc not placed at an uniform 
distance from each other, but so as to suit the length of the 
slates and as these vary as they approach the apex, or ridgo 
pf the roof, it follows that the slater himself is the best 
judge where to fix them, so as best to support the slates. 

A roof, to be covered with patent slates, requires that the 
common rafters be left loose upon their purlines, as they 
must be so arranged that a rafter shall lie under every one of 
the meeting-joints. Neither battening nor boarding is,^- 
quired for these slates. The number of rafters will depend 
on the width of the slates ; hence if they be of a large size, 
very few will suffice. This kind of slating is likewise com- 
menced at the eaves ; but no crossing or bonding is re- 
quired, as the slates are laid uniformly, with each end reach- 
ing to the centre of the rafter, and butted up to each other 
throughout the length df the roof. When the eaves-eourse 
is lai^ the slates whic^ co'mpose |t are screwed down to 
the. rafters b^ two or three strong inch and half screws at 
each of their ends. A line is then strained about two 
inches below the upper edge, in order to guide the laying 
of the next course, which is laid with its lower edge touch 
incr tilie This lining, laying with a lap, and screwed 
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down, ia continued till tbe roof is complete^ coverecU Tbe 
joints are then secured by filletting, which consists in cove^ 
ibg all the meeting-joints with fillets of slate, bedded in 
glazier^s puttie and screwed down through the whole mto 
the rafters. The fillets are usually about three inches wide, 
and of a length proportionate to that of the slates, whose 
joints they have to cover.* Theee fillets are solidlv bedded 
in the putty, and (heir intersecting joints are lapped similar 
to those of the slates. 'Hie fillets being so laid, and secured 
by one in the middle of the fillet and one in each jap, are 
next neatly pointed fdl round their edges with more patty, 
and then piunted over with the colour of the slate. The hips 
and ridges of such slating are frequently covered by fillets, 
which produces a very neat effect ; but lead, which is not 
much dearer, is by far the best kind of covering for all hips 
and ridges. The patent slating may be laid so as to be per- 
fectly water-tight, with an elevation of the rafters consider- 
ably less than for any other slate or tUe (severing. The rise 
in each foot of lenrth ib the rafter is not required to be 
more than two inches, whichj in a rafter of fifteen feet, will 
amount to only two feet six inches : a rise scarcely percep- 
tible from the ground. 

Slating is performed in several other ways, but the prin- 
dples already expluned, embrace the most of them. Some 
workmen shape and lay their slates in a lozenge form. This 
Idnd of work consists in getting all the slates to an uniform 
size, of the shape of a geometrical square. When laid on 
the roof, which most be boarded, th^ are bonded an(l lap- 
ped as in common seating, observing only to let the elbow, 
or half of the square, appear above each slate that is next 
beneath it, and be regular in the courses all over the roof. 
One nul or screw only can be used for such slating ; hence 
it dhon becomes dilapitated. It is commonly employed in 
places near to tbe eye, or where particular neatness is re- 
quired. 

It {tas been ascertuned, that a slate one inch thick will, 
in an horizontal position, support as modi, in weight, as 
five inches of Portland stone similarly suspended. Hence 
slates are now wrought and used ip g|lleria, and other pur- 
poses, where it is essential to i^e.-strength and 
combined. * * T* 

Slites are also tehioned into (fiumney-pieces ; but are in-, 
cwuble of reedving a polish like marble. It^makes excel- 
lent skhtinw of ■!! descriptions, as wett (gpl^ 

where dOq^dations, or great wear and 
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] jected. For thew purposes^ it is capable of being fixed wHIk 
, oints, equally as neat as wood : and may, if required, be 
itdnted ever so as to appear like it. Stiuivcases may also 
)e executed in slate, which will produce a resemblance of 
marble. 

MBMSURATION OF PLASTBBBBS* AND SLATBUS’ WORK. 

Plasterers’ work is executed by the yard square ; and the 
dimensions are taken in feet and inches. 

If a rdbm consists of more than four quoins, the addi- 
tional comers most be allowed at per foot run. 

In measuring ceilings with ribs, the superficies must be 
taken for plain work ; then an allowance must be made for 
each mitre, and the ribs must be valued at so much per foot 
run^ according to the girth ; or by Ae foot superficial, al- 
lowing moulding work. 

In measuring common work the principal things to be 
observed are as follow: — ^first, to make deductions for 
chimneys, windows, and doors ; secondly, to make deduc- 
tions for rendering upon brick wofk, for doors and windows ; 
thirdly, if the workman find materials for rendering between 
quarters, one-fifth must be added for quarters } but if work- 
manship only is found, the whole must be measured as whole 
work, because the workman could have performed the 
whole much sooner if there had been no quarters ; fourthly, 
all mouldings in plaster woric are measured by the foot su^ 
perficial, the same as joiners, by girting over the mouldings 
with a line. 

Slaters’ work is measured and r^nced into squares, con- 
taining 100 feet superficial. If in measuring the slating on 
a roof, it be hipped on all sides with a flat at top, and the 
plan of the building berectangular, add thelen^and breadth 
of two adjoining sides of the eaves, and we length and 
breadth of two adjoining sides at the flat t(^ther, multiply 
the sum by the breadth of the slope, and the product 
give the area of the space that is covered. Add the nuidber 
of square feet produced, by multiplying the ^ts of the roof 
by the length of the slates at the eaves ; to the area also, for 
the trouble of putting on the double row of slates, add the 
number of square feet produced by multiplying the length 
of the hips by one foot in breadth, and the sum will be the 
whole contents, and yield a compensation for the trouble 
and waste of materials. If there be no flats, add the two 
l^a^fbiaiqg sides'and twice the length of tiie ridge for the 
lengtii ; multiu^ the sum by the breadth of the slips, for 



(SOS TBI OPBRATIVB MBCHAXIC 

tbe ttrca of the space covered, and - add the aUcnrances' a* 
before. ' 

Another plan is to allow in addition to the net^ dimen- ' 
aions of the work, six inches for all the eaves, and foipr 
inches for the hips. 

All faced work in slate skirtings, stair-cases, galleries, &c. 
is charged by thc'foot superficial, without any raditios. 


PLUMBING, 

Is the art of casting and working in lead, and using the 
same in the covering and for other purposes in building. 

To the plumber is also confided tne pump-work, as well 
as the making and forming of cisterns and reservoirs, large 
or small closets, &c. for the purposes of dgmestic oeconomy. 
The plumber doesuot use a gfeat variety of tools, because the 
ductility of the metd upon which he operates does not re- 
quire if. 

The tools used, consist of an iron hammer, rather heavier 
than a carpenter's, with a short thick handle ; two or three 
wooden mallets of different sizes ; and a dressing and flat- 
ting tool. 

I^is Iasi is of beech, about eighteen inches long, and two 
inches square, planed smooth and flat on the under surface, 
rounded on the upper, and one of its ends tapered off round 
as a bandih. With this tool he stretches out and flattens 
the sheet-lead, or dresses it to the shape required, using 
first the flat side, then the round one, as occasion may re- 
quire. 

The {dumber has also occasion for a jack and trying plane, 
similar to that of the carpenter. 

With this he reduces the ed^ of sheet-lead to a straight 
line, when the purposes to wnich it is to be applied re- 
quire it. 

Also a chalk line, wound upon a roller, for marking out 
the lead into such breadths^as he may want. 

His cutting tools consist of a variety of chisels and gouges 
as Well as knives. ' 

The latter of these are used cutting the sheet lead into 
slips and pieces after it has been linked out by the chalk 
lina. - * 

Files of different sizes j ladles of three or four sizes, fbr 
mdting the solder ;'and an iron instrument xalled 
iraiit. 
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T^hese grosi^inma are of several sizes, generally about 
itvelve inches in length, tapered at both ends, the handle 
«nd bei^ turned quite round, to allow of its being firmly 
held whde in use : the other end is a bulb of a spmdle, or 
spherical shape, of a size proportioned to the solaering in- 
tended to be executed, l^ey are, when required for use, 
heated to redness. 

The plumber’s measuring rule is two feet in length, di • 
vided into three equal parts of dght inches each ; two of 
its legs are of box-wood, duodeamally divided ; and the 
third consists of a piece of slow tempered steel, attached to 
one of the box legs by a pivot on Which it turns, and falls, 
when not in use, into a groove cut in such leg for its recep- 
tion. This steel leg can be passed into places where the others 
cannot enter ; and it is also useful for occasionally removing 
the oxide or any other extraneous matters from the surface 
.of the heated metal. 

Scales and weights are also necessary ; and he must be 
supplied with centre-bits of all sizes; and a stock to work 
them, for the purpose of making perforations in lead or 
wood, througli which he may want to insert pipes, &c. 
Compasses, to strike circular pieces, to line or cover figures 
of that shape, arc occasionally required. 

Lead is obtained from ore, and, from its being generally 
combined with sulphur, it has been denominated “ sulphu- 
reU” After the ore has been taken from its bed it is smelted, 
first being picked, in order to separate the unctuous and rich, 
or genuine ore from the stony matrix, and other impurities ; 
the picked ore is then pounded under stampers worked by 
machinery, and afterwards washed to carry on the remainder 
of the matrix, which could not be separated in picking. It is 
next put into a reverberatory furnace, to be roasted,* during 
which operation, it is repeatedly stirred, to facilitate the 
evaporation of the sulphur. When the surface begins to 
assume the appearance of a paste, it is covered With char- 
coal, and well shaken together : the fire is then increased, 
and the purified lead flows down on all sides into the basin 
of the furnace, whence it rups off into moulds prepared for 
its reception. The mouldz are capable of receiving 1541bs. 
of lead each, and theb contents, whm cool, are, in the com- 
mercial world, caUud 

Lead is of a bltish-white colour, and when newly melt- 
ed, or cut, is quite bright ; but it soon becomes tarnished 
cm exposure to the atmosphere; assuming first a dirty grey 
ix>lovr, and afterwards becomes white. It is capable m 
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being hammered into thin plates, and Biay be drawn 
into wire ; but its tenacity is very inferior to that of dther 
metals ; for a leaden wire, the hundred and twen^th pwt 
of an inch in diameter, is only capable of supporting abovt 
Ittb. without breaking. Lead, next to tin, is the most' fu- 
sible of ail metals ; and if a stron^r heat be applied, 
it boils and evaporates. If cooled sfowly, it ciystallizes. 
The change of its external colour is owing to its gradual 
combination with o^geif^ which converts its exterior sur- 
face into an oxyd. Inis outward crust, however, prmerves 
the rest of the metal for a long time, as the ur can pene- 
trate but very slowly. 

. Lead is not acted upon immediately by water, though that 
clement greatly facilitates the action of the air upon it : for 
it is known that, when lead is exposed to the atmosphere, 
and kept constantly wet, the process of oxidation takes 
place much more rapidly than it does under other circum** 
stances : hence the white crust that is to be observed on 
the sides of leaden vessels containing Water, just at the 
place where the surface of the water terminates. 

Lead is purchased by plumbers, in and they reduce 
it into sheets or pipes, as th^ have occasion. Of sheet-lead 
they have two kinds, cast and milled. The former is used 
for covering flat roo& of buildings, laying of terraces, form- 
ing gutters, lining reservenrs, &c. ; and the latter, which is 
very thin, for covering the hips and ridges of roofs. This 
last they db not manufiicture themselves, but purchase it 
of the lead merchants, ready prepared. 

For the casting of sheet lead, a copper is provided, and well 
fixed in masonry, at the upper end of the workshop, near 
the mould or casting table, which consists of strong deal 
boards, well jointed together, and bound with bars of iron 
at the ends. The sides of this table, of which the shape is 
a parallelogram, vary in size from four to six feet in width, 
and from lo to 18 feet and upwards in length, and are guarded 
by a frame or edging of wood, 3 inches tiiick, and 4 or 3 
inches higher than me interior surface, called the 
This table is fixed upon firm 1^, strongly fruned togemer, 
about 6 or 7 inches lower than the top of the copper. At 
the upper end of thc< mould, pearestw copper, is a box, 
called the pan, whidi is adapted hi tttlesMh to the breadth 
of the tabl^ having at its bottom a long horizontal sfit, 
from, which tiie heated metal is to issue, when it has been 
poured in from the copper. This box moves upon roU^ 
'^ 01 ^ tbuaurfime of the rim of the table, and’is jraf in mo- 
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by flieang of ropes and pnllQrs, fixed to btenu Above. 
While the metal is melting, the surface of the mould, or 
table, is^repared by coverinr it with a stratum of dry and 
dean sand, regularly smoothed over with a kind of rake, 
called a which consists of a board about 8 inches 

broad, and rather longer than the insidfe of the mould, so 
that Its ends, which are notched about two inches deep, may 
ride upon the shafts. This being passed down the whole 
length of the table,, reduces the’ sand to an uniform 8ur> 
face. The pan is now brought to the head of the tablei, close 
to the copper, its sides liaTing previously been guarded by a 
coat of moistened sand, to prevent its firing from the heat of 
the metal, which is now put in by ladles from the cq>per. 

These pans, or boxes, it must be observed, are made to 
contain the quantity of melted lead which is required to cast 
a whole sheet at one time ; and the slit in the bottom is so 
adjusted as to let out, during its progress along the table, 
just as much as will completmy cover it of the tmekness and 
weight per foot required. Eveiy thing being thus prepared, 
the slit is opened, and the box moved along the table, dis- 
pensing its contents from the top to the bottom, and leaving 
in its progress a sheet of lead of the desired thickness. 
VHten cool, the sheet is rolled up and removed froni the 
table, and other sheets are cast, till all the metal in the cop- 
per is exhausted. The sheets thus formed are then rolled 
op and kept for use. 

In some places, instead of having a square* box upon 
wheels, with a slit in the bottom, the pan consists of a kind 
of trough, being eomposed-of two plank; nailed together at 
right angles, with two triangular pieces fitted in between 
them, at their ends. The length of this pan, as well as that 
of the box, is equal to the whole breadth of the mould. It 
is plAced with its bottom on a bench at the head of the table 
leaning with one side against it : to the opposite side is fixed 
A handle, by which it may be lifted up in order to pour out 
the liquid metal. On the side of the pan next th^ mould 
are two iron hooks, to hold it to the table, and prevent it 
from slipping while the metal is being poured into the 
mould. 

The mould, ad W^ as the pan, it spread ovmr, about two 
filches thick, Wit^AA^idffea and moistened, and rendered 
perfectly level byittdving over it the strike, and smoothing it 
ifawn with a dane pol&hed brass, about a quarter of w 
fnch'thict^ and nine inches square, turned up on the edges; 
Beford mty proceed to casttngtteleac^ the strike is nuKie 
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ready by tacking two pieces of old baton the. notcbesyor 
by covering the notches with leather cases, so as to raise t^ 
under side of the strike, about an eighth of an inch, or 
more, above the sand, according to the proposed thickness 
of the sheet. The face or under side of the strike is then 
smeared with talldW, and laid across the breadth of the 
mould, with its ends resting on the shafts. The melted lead, 
is then put into the pan with ladles ; and, when a sufficient 
quantity has been put in, the scum is swept off with a piece 
of board, and sufiered to settle on the coat of sand, to 
prevent its falling into the mould, when tbo metal is poured 
out. It generally happens, that the lead, when first taken 
from the copper, is too hot for casting ; it is therefore suf- 
fered to cool in the pan, till it begins to stand with a shell 
or wall on the sand with which the pan is lined. Two men 
then take the pan by the handle, or one of them takes it by 
means of a bar and chain fixed to a beam in the ceiling, and 
turn it down, so that the metal runs into the mbuid : while 
another roan stands ready with the strike, and, as soon as 
all the metal is poured in sweeps it forward and draws the 
residue into a trough at the bottom, which has been prepa- 
red to receive it. The sheet is then rolled up, ns before. 

In. this mode of operation, the table inclines in its 
length about an inch, or an inch and a half, in the length of 
sixteen or seventeen feet, or more, according to the required 
thickness of the sheets ; the thinner the sheet the greater 
the declivity; and vice versd. The lower end of the mould 
18 also left open, to admit of the superfluous metal being 
thrown off. 

When a cistern is to be cast, the size of the four sides is 
measured out; and the dimensions of the front having been 
taken, slips of wood, on which the mouldings arc carved, are 
pressed upon the sand. Figures of birds, beasts, &c. are 
likewise stamped in the internal area, by means of leaden 
moulds. If any part of the sand has been disturbed in 
doing this, it is made smooth, and the process of casting 
goes on as for plain sheets ; except that, instead of rolling 
up the lead when cast,it is bent into four sides, so that the 
two ends, when they are soldered "together, may be joined 
at the back; the bottom is afterwards ^Idered up.' 

The 4 ead which lines the Chin,e^.t«M^xe 8 is reduced 
to a thinness which our plumberh t^hihot, it is sud, ap- 
proach. The following account of thq process was commu- 
-nicated by an intelligent Eost-lndian, t|i a letter which apt> 
peared in the Oentlenoau’s Magazine. The caater site by 
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a.pot» eontainiag the melted metal, and has two laiye atonea, 
the lower one fixed and the upper one movable, having 
their aorfimes of contact ground to each other, directly te* 
fore him. He raises the upper stone by pressing his foot 
upon its side, and with an iron ladle pours into the opening 
a sufficient quantity of the fluid metal. He then lets faU 
the upper stone, and thus forms the lead into an extremely 
thin and irregular plate, which is afterwards cot into its re* 
quired form.** 

Cast sheet lead, used for architectural purposes, is techni* 
cally divided into 51b. 5|lb. 61b. 6^1b. 71b. 7ilb. 81b. and 
841 b. ; by which is understood, that every superficial foot 
is to contain those respective weights, according to the price 
agreed upon. 

The milled lead used by plumbers is very thin, seldom 
containing more than 51b. to the foot. It is by no means 
adapted to gutters or terraces, nor, indeed, to any part of a 
building that is much exposed either to great wear or to the 
effects of the son’s rays : in the former case, it soon wears 
away | in the latter, it expands and cracks. It is laminated 
in sheets of about the same size as those of cast lead, by 
means of a roller, or flatting- mill. 

Lead-pipes, besides the various ways of maiTofacture de- 
scribed in pf^e 362, are sometimes made of sheet lead, by 
beating it on round wooden cylinders of the length and 
dimensions required, and then soldering op the edges. 

Solder is used to secure the joints of work in lead, 
which by other means would be impossible. It should be 
easier of fusion than the metal intended to be soldered, and 
should be as nearly as possible of the srme colour. The 
plumber therefore uses, what is technically called, soft sol- 
der, which is a compound of equal parts of tin and lead, 
melted together and run in to moulds. In this stale it is 
sold by the manufacturer by the pound. 

In the operation of sofdering, the surfaces or edges in- 
tended to be united are scraped very clean, nnd brought 
close up to each other, in which state they are held by an 
assistant, while the plumber applies a little resin on the 
joints, in order to prevent the oxidation of the metal. The 
heated solder is then brought in a ladle and poured on the 
joint ; after whic^ it is smoothed and finished by rubbing it 
about with a red-hot aoldering iron, and when completed is 
made smooth by filing. 

' In the covering of roofs or terraces with lead, (the sheets 
never qxoeediog six feet in breadth,) it becomes nccessaiy in 
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large sarfeceS} to ha^e Joiots ; wbidb are maai^ieil aevehd 
waySf bet in all, the chief object is to have lib^ water- 
tignt. The best plan of effecting this, is to fonn or 
roll joints, which is done by having a roll, ot strip of wood, 
about two inches square, but rounded on its upper side, 
nailed under the joints of the sheets, where the edges lap 
over each other ; one of these ed«s i8*to be dressed up 
over the roll on the inside, and tne other is to be drhsstea 
over them both on the outside^ by which means the water 
is prevented from penetrating. No other fastening is requi- 
site than what is required from the hammering of the sheets 
together down upon the flat ; nor should any other be re- 
sorted to, when sheet lead is exposed to the vicissitudes of 
the weather; because it expands and shrin&s, which, if pre- 
vented by too much fastenmg, would cause it to crack and 
become useless. It sometimes, however, occurs, that rolls 
cannot be used, and then the method of joining by seam* is, 
resorted to. This consists in simply bending the approxi- 
mate edges of the lead up and over each other, and then 
dressing them down close to the flat, throughout their 
length. But this is not equal to the roll, either for neatness 
or security. . 

Lead flats and gutters should always be laid with a cur- 
rent, to keep them dty. About a quarter of an inch to the 
foot run is a sufficient inclination. 

In laying gutters, &c. pieces of tnilled-lead, called jffruA- 
t»gs, about eight or nine inches wide, are fixed in the walls 
air round the edges of the sheet-lead, with which the flat is 
covered, and are suffered to hang down over them, so as to 
prevent the passage of rain through the interstice between 
the raised edge anfl the wall. If the walls have been pre- 
viously built, the mortar is raked out of the joint of the 
bricks next above the edge of the sheet, and the flush- 
ings are not only inserted into the crack at the upper sides, 
but their lower edges are likewise dressed over those of 
the lead in the flat, or gutter. When neither of these 
modes can be resorted to, the Analogs are fhsteAed by 
wall-hooks, and their lower edges dressM down as before. 

Drips in flats, or gutters, are formed by raising one part 
above abother, add dressing the lead, as tdready described, 
for cowering the rolls. Th§y are‘le^dtdj|» when the gutter 
or fla^ ^ceeds the length of the Shlet; or sbmetimes for 
convenience. They arc also mi usefrtiexp^dknt to avoid sol- 
dering the joints. 

Sheet lead is also used in tiie lining of reservoirs^ wMch 
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are nude eitber of wood or masonry. As these conveni- 
ences are seldom in places subject to material change of 
temperatnre, recourse maybe had to the solderbg, vritbont 
fear of its damaging the work, by promoting a disposition 
to crack. 

The pumps whidi come under the proidnce of the plum- 
ber, ate coufinedilfenerally to two or three kinds, used for 
domestic purposes, of winch the suction and lifting pumps 
are thecluef ; these, as well as water-closets, are manu^- 
tured by a particular set of workmen, and sold to the 
plpmber, who furnishes the lead pipes, and fixes them in their 
places. 

Plumber’s work is generally estimated by the pound, or 
hundred weight; but the- weight may be discovered by 
measurement, in the following manner : sheet-lead used in 
roofing and guttering is commonly between seven and 
twelve pounds to the square foot ; but the following table 
exhibits the particular weight of a square foot for each of 
the several thicknesses. 


Thick- 

ness. 

Poundsto 

asqr.ft. 

Thick- 

ness. 

Poundsto 
a sqr. ft. 

.10 

5.899 

•15 

8.848 

.11 

6.489 

.16 

9.488 

1 

T 

6,554 

i 

9.831 

.IS 

7.078 

.17 

10.098 

TT 

7.S7S 

.18 

10.618 

.13 

7.668 

.19 

11.207 

.14 

8.S58 

• i 

11.797 

i 

8.427 

•21 

12.387 


In this table the thickness is set down in tenths and hun- 
dredths, &c. of an inch ; and the annexed corresponding 
numbers are the weights in avoirdupois pounds, and thou- 
sandth parts of a pound ; so that the weight of a square 
foof of l-lOth of an inch thick, lO-lOOths, is 5 lbs. and 899 
thousandth parts of a pound ; and the weight of a square 
foot l-9th of an inch in thickness, is 6 pounds and 654 
thousandths of a pound. Leaden pipe of an inch bore, is 
commonly 13 or 14 lbs. to the yard in length. 


.. GLAZING. 

The business of IhiA class of artificers consists in putting 
glass into sashes sM casements. Glazier’s work may be 
classed under tiueq distinct heads, aashrwork, lead-work, 
and fret-work. 
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The tools requisite for the performance of the SfMt of th^ 
departments arCj a diamond, a ranging lath, a sa^ lafeh^ja 
square, a rule, a glazing-knife, a cutting- chis^ 
hammer, a duster, ana sash-tool; and in addition, for stop- 
pi]^ in squares, a hacking-knife and hammer. 

Tbe diamond is a speck of that precious stone, polished 
to a cutting point, and set in brass on an4ron socket, to re- 
ceive a wooden handle, which is so set as to be held in the 
hand in the ciitting direction. The top of the handle goes 
between the root of the fore-finger and the middle finger, 
and the hinder part, between the point of the fore-finger 
and^thumb ; there is, in general, a notch in the side of the 
fiocket, which should be held next to the lath. Some dia- 
monds have more cuts than one. Plough diamonds have a 
square nut on the end of the socket, next the glass, which, 
on running the nut square on the side of the lath, keeps it 
in the cutting direction. 

Glass binders have these plough diamonds without long 
handles, as, in cutting their curious productions, they can- 
not apply a lath, but direct them by the point of their mid- 
dle finger, gliding along the edge of the glass. 

The ranging lath must be long enough to extend rather 
beyond the boundary of the table of glass. 

Ranging of glass is the cutting it in brcad'.hs as the work 
may require, and is best done by one uninterrupted cut from 
one end to the other. 

The square is used in cutting the squares from the range, 
that they may with greater certainty be cut at right angles. 
The glazing knife is used for laying in the putty in the re- 
bates of the sash, for binding in the glass, and for finishing 
the front putty. 

Of the glass used iu building, three qualities are in com- 
mon use, deiiominalied best, second, and third. 

The best is that which is the purest metal and free of 
blemishes, as blisters, specks, streaks, &c ; the second is 
inferior, from its not being so free from these blemishes ; and 
the third are still inferior, both in regard to quality and 
colour, being of greener hue. 

They are all sold at the samd price per crate ; but the 
number of tables varies according to th^ quality. Best 
twelve, second fifteen, and thira eighteen t^les. 

These tables are circular when maip;iftctured, and about 
four feet bf, diameter, having in the centre a knot, to which, 
in the^course of the process^ the flashing rod was fluted ; but 
for the safety of carriage, and convenience of haudliiig, as 
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wdl as in practice,’ a segment is cnt off aI)OQt*foar 
indkes fixnn the knot. The large piece with the knot, atil 
rddarthe name of table; the smaller piece is technically 
called (t slab. From these tables being of a given size, it is 
reasonable to sop^se that, when the dimensions of squares 
are sndi as cut the glass to waste, the price should ad- 
vanced. • 

A superior kind of glass may be obtained at some of the 
first houses in London, which 'is very flat, and of large di- 
mensions ; some of it being 2 feet 8 inches by 2 feet 1 
inch ; these are sold only in iquares. 

Rough glass is well adapted to baths, and other places of 
privacy ; one side is ground with emery or sand, so that no 
objects can be seen through it, though the light be still 
transmitted. 

The glass, called German-sheet, is o^ a superior kind, as 
it can be had of much larger dimensions than common glass ; 
it is also of a purer sub.stance, and for these reasons, is fre- 
quently appropriated to picture frames. Squares may be 
bad at the astonishing size of 3 feet 8 inches, by 3 feet 1 inch, 
and 3 feet 10 inches % 2 feet 8 inches, and under. 

The glass is first blown in the form of a globe, and after- 
wards flatted in a furnace, in consequence of which it has a 
very forbidding appearance from the outside, the surface 
being uneven. 

Plate-glass is the most superior in quality, substance, 
and flatness, being cast in plates, and polished. The 
quantity of metal it contains, must be almost, if not al - 
together, colourless ; that sort which is tinged being of an 
inferior quality. Plate-glass when used in sashes, is pe- 
ouliarly magnificent ; and it can be had of larger dimen- 
sions than any other kind of glass. 

Stained-glass is of different colours, as red, orange, yel- 
low, green, blue, and purple. 

These colours ^re fixed by burning, and arc as durable as 
the glass. 

OTass can be bent to circular sweeps, which is much used 
in London for shop windows, and is carried to great per- 
fection in covers, for small pieces of statuary, &c. 

The application of stained glass to the purposes of glazing 
is called fret-wdrh. This description of work consists of 
working ground and stained g^ass, in fine lead, into different 
patterns. In many cases family arms and other devices are 
storked in it. Tt b a branch capabloof great improvement ; 
^ at present is much neglected. Old pieces are very mneh 



098 THB OPBBATIVS MBCHANH 

este^ed; though the same expense iroijld 
modern prodoctions. Ihey are placed ia halla itad smiv 
case winaovra, of in some particular church windo^l^^ fit 
many instances they are introduced where there is an un- 
pleasant aspect, in a place of particular or genteel resort. 

Lead- work is used in inferior offices, and is in general 
practice all through the country. Frames intended to re- 
ceive these lights are made with bars across, to which the 
lights are fastened by leaden bars, called saddle bars ; and 
where openings are w^ted, a casement is introduced either 
of wood or iron. Soraetimes-U sliding frame answers the 
same purposes. Church windows are generally made in 
this manner, in quarries or in squares. 

The tools with which this work is performed are, in ad- 
dition to the foregoing, as follow : — 

A vice, with different cheeks and cutters, to turn out the 
different kinds of lead as the magnitude of the window or 
the squares may require. 

The German vices, which are esteemed the best, are 
furnished with moulds, and turn out lead in a varietv of 
sizes. The bars of lead cast in these vices are receivea by 
the mill, which turns them out with two sides parallel to 
each other, and about I of an inch broad, with a partition 
connecting the two sides together, about | of an inch wide, 
forming on each side a groove, nearly -rr by f of an inch, 
and about 6 feet long. 

Besides a vice and moulds there are KsetUng-boardylatter^ 
kin, setting- knife, resin-bos tin, glazing-irons, and clips. 

The setting-board is that in which the ridge of the light 
is marked and dmded into squares, struck out with a chalk 
line, or drawn with a lath, which serves to guide the workr 
men. One side and end is squared with a projecting bead 
or fillet. 

The latterkin is a piece of bard wood pointed, to run in 
the groove of the lew, end widen it for the easier reception 
of the glass. 

The setting-knife consists of a blade with a round point, 
loaded with lead at the boltoqi and terminating in a long 
square handle. The square end of the handle serves to 
force the square of glass tight hi the lead* All the inter- 
sections are soldered on both ^tdqit the outside 
joints of the outer ndes, that ts^ they come to the 
outer edge. Ihese lights should be cements by ponriiw 
thin pitint SkloBg the lead bars, fifling m the chasms uu w 

dry whitings to which, after the (dl m the paint has s*» 
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oreted • lUUe, a little mbre dry whiting, or white lead, 
moat bife «4ded. Tbia will dry hard, and redat the action 
o( tne atmoaphere. 

MBNSURATION OF GLAZIBRs’ WORK. 

Glaziers' work is measured by auperficial feet, and the di- 
mensions are taken in feet, tenths, &c. For this purpose, 
their rules are generally divided into decimal parts, and 
their dimensions squared according to decimals.. Circular, 
or oval windows are measured as if they were rectangular ; 
because in cutting squares of glass there is a very great 
waste, and more time is expended than if Uie window bad 
been of a rectangular form. 


. PAINTING, 

As applied to purposes of building, is the application of 
artificial colours, compounded either with oil or water, in 
embellishing and preservin| wood, &c. 

This branch of punting is termed economical, and applies 
more immediately to the power which oil and varnishes pos- 
sess, of preventing the action of the atmosphere upon 
wood, iron, and stucco, by interposing an artificial surface ; 
but it is here intended to use the term more generally, ia 
allusion to the decorative part, and as it is employea by 
the architect, throughout every part o’f his work, both ex- 
ternally and internally. 

In every branch of painting in oil, the general processes 
are very similar, or with such variations omy, as readily oc- 
cur to the workman. 

The first coatings, or layers, if on wood or iron, ought al- 
ways to be of ceruse or white lead, of the best ipitdity, pre- 
viously ground very fine in nut or linseed oil, either over a 
stone with a muller, or, as that mode is too tedious for 
large quantities, passed through a mill. If used on shut- 
ters, doors, or wainscottings, made of fir or deal, it is very 
requisite to destroy thfe effects of the knots ; which are ge- 
nerally so completely saturated with turpentine, to 
render it, pmrbi^, one of the most difficult processes in 
this business, llie best mode, in common cases, is, to pass 
a brush over the knots, wHh'cemse'gronnd in watery bound 
size made of psidiment or gpue ; when that is div, 
'paiuf the knots with white lead ground in oil, to which add 
some powerfiil ttocstive, dr diyer, as red lead, or litharge of 
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lead ; about obe*fourth part of the latter. These w^i be 
laid very smoothly in the direction of the ^ain of the 

When the last coat is dry, smooth it with pumice-stbfle, 
or give it the first coat of painty prepared or diluted with 
nut or linseed oil ; after wtiich, when sufficiently dry, all 
the nail- boles or other irregularities on the surface, must be 
carefully stopped with a composition of oil and Spanish 
white, commonly known by the name of p^Uty. The work 
must then be again painted with white kac id oil, some- 
what diluted with the essence of oil of turpentine, which pro- 
cess should, if the work be intended to be left of a plain 
White, or stone colour, be repeated not less than three or 
four times ; and if of the latter colour,a small quantityof ivory 
or lamp-black shouldt be added. But if the work is to be 
finished of any other colour, either grey, green, &c. it 
will be requisite to provide for such colour, after the third 
operation, particularly if it is to be finished flat, or, as the 
painters style it, dead white, grey, fawn, &c. In order to 
finish the work flatted or dead, which is a mocie much to be 
preferred for all superior works, not only for its appear- 
ance, but also for preserving the colour and purity of the 
tint, one coat of the flatted colour, or colour mixed up 
with a considerable quantity of ^^rpeutine, will be found 
sufficient; although in large suriaces it will frequently be 
requisite to give two coats of the flatting colour, to make it 
quite complete. Indeed, on stucco it will be almost a ge- 
neral rule. 

In all the foregoing operations, it must be observed that, 
some sort of dryer is absolutely requisite ; a very general 
and useful one is made by grinaing in linseed, or^ perhaps, 
prepared oils boiled are better, about two parts of the best 
white copperas^ which must be well dried with one part of 
litharge of lead : t> quantity to be added, will much de- 
pend on the dryness or humidity of the atmosphere, at the 
time of naiiiting, as well as the local situation of the build- 
ing. It may here be noticed, that there is a sqjrt of cop- 
peras made in England, and said to be used for some pur- 
poses in medicine, that not only does not assist the opera- 
tion of diying in the colours, but absolutely prevents those 
colours drying, which vould otherwise have done so in 
the abience of this copperas. 

The best dryer for all fine whites, uud other delicate tints, 
is sugar of lead, ground in nut oil, but bein^ very active, a 
small quantity, about the size of a walnut, will be sufficieut 
for twenty pounds of colour, when the basis^ is white lead* 
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It will be always necessary to ca^ution painters to keep their 
utensils, brushes, &c. very clean, as the colour would other- 
wise soon become very foul, so as to destroy the surface 
the work. If this should happen, the colour must be pass- 
ed through a fine sieve, or canvass, and the surface of the 
work be carefully rubbed down with sand-paper, or pumice- 
stone : the latter should be ground in water, if the paint be 
tender, or recently laid on. The above may suffice as to 
painting on wood, either on inside or outside work, the 
former being seldom finished otherwise than in oil : four or 
five coats are generally sufficient. 

It does not appea** that painting in oil can be serviceable 
in stucco, unless the walls have been erected a sufficient 
time to permit the mass of brick-work to have acquired a 
sufficient degree of dryness. When stucco is on battened 
work, it maybe ted over much sooner than when pre- 
pared on brick, indeed, the greatest part of the art of 
painting stucco, so as to stand or wear well, consists in at- 
tending to these observations, for whoever has observed the 
expansive power of water, not only in congelation, but also 
in evaporation, must be well aware that when it meets with 
any foreign body, obstructing its esc c, as oil painting, for 
instance, it immediately resists it, forming a number of 
vesicles or particles, containing an acrid lime-water, which 
forces off the layers of plaster, and frequently causes large 
defective patches, not easily to be eradicated. 

Perhaps, in general cases, where persons arc building on 
their own estates, or for themselves, two or three years are 
not too long to suffer the stucco to remain unpainted, 
though frequently, in speculative works, as many weeks are 
scarcely allowed to pass. 

The foregoing precautions being attended to, there can be 
no better mode adopted for priiqing, or laying on the first 
coat on stucco, than by linseed or nut-oil, boiled with dry- 
ers, as before mentioned : taking care, in afi cases, not to 
lay on too much, so as to render the surface luugh and irre- 
gular, and not more than the stucco will absorb. It should 
then be covered with three or four coats of white- lead, pre- 
pared as described for painting on wainscotting, allow- 
ing each coat a sufficient time .j dry hard. If time will 
permit, two or three days between each layer, will be ad- 
vantageous. When the stucco is intended to be finished in 
any given tint, as grey, light green, &c. it will then be pro- 
per, about the third coat of planting, to prepare the ground 
for such tint, by a slight advance towards it. Orey is made 

2T 
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With white- lead, PrussiaiKblue, ivory >black, and lake; sage- 
green, pea, and sea-g^ens, with white. Prussian-blue, and 
fine yellows; apricot and peach, 'udth lake, white, and 
Chinese vermilion; fine yellow fawn colour ndth burnt 
terra sienna, or umber and white; and olive-greens with fined 
Prussian-blues, and Oxfordshire ochre. 

Distemper, or painting in water colours, mixed with 
size, stucco, or plaster, which is intended to be painted in 
oil when finished, but not being sufficiently dry to receive 
the oil, may have a coating in water colours, of any given 
tint required, in order to give a more finished appearance to 
that part of the building. Straw colours may be made with 
French whites and ceruse, or white lead and masticot, or 
Dutch pink. Greys, full, with some whites and refiner’s 
verditer. An inferior grey may be made with blue-black, 
or bone-black and indigo. Pea-greens with French green, 
Olympian green, &c. Fawn-colour with burnt terra de 
sienna, or burnt umber and white, and so of any interme- 
diate tint. The colours should all be ground very fine, and 
mixed with whiting and a size made with parchment, or 
some similar substance. Less than two coats will not be 
sufficient to cover the plaster, and bear out with an uniform 
appearance. It must be recollected, that when the stucco 
is sufficiently diy, and it is desirable to have it punted in 
oil, the whole of the water-colours ought to be removed, 
which maj^ easily be done by washing, and when quite di^*, 
proceed with it after the direction ^ven on oil-painting u 
stucco. 

If old plastering has become disfigured by stains, or other 
blemishes, and it be desired to have it punted in distem* 
per, it is, in this case, advisable to give the old plastering, 
when properly cleaned off and prepared, one coat, at least, 
of white-lead ground in oil, and used with spirits of tur- 
pentine, which will generally fix old stains ; and, when quite 
dry, take water-colours very kindly. 

MBNSVBATION OF PAINTBBs’ WORK.' 

Punters’ work is meastued by the yard square, and the 
dimensions are taken in feet, inches, and tenths. Every 
p^ which (he brush has pas^ over is measured, conse- 
quently tile dimensions must be taken with a Unc, that girts 
over the mouldings, breaks, &c. All kinds of ornamental 
work Modooes an extra, price, according to the nature of 
the imitations, fim. Carved work is also valued acoordiug 
W tile time taken In jpaanting it. 
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RAIL-ROADS 

AMB 

LOCOMOTIVE ENGINES. 


Amidst the various speculations of the day, perhaps none 
have tqore deservedly excited the public interest than that 
ol the numerous projected lines of rail-road for diminish- 
in(^ the friction of cai'riages, and for propellii^ carriages on 
them by either gas or steam poiver. 

The lessening the friction, produces a consequent diminu- 
tion in the power which otherwise would be required to 
propel a given weight ; and therefore, is, in a commercial 
nation, like that of the united kingdom, a subject worthy of 
the highest consideration. 

Railways were originally made of wood, and appear to 
have been first introduced Eietwecn the river T^e and some 
of the principal coal-pits, as early as the year 1680. The 
scarcity of this material, and the expense of frequent re- 
pairs, soon suggested an idea that iron might be more 
advantageously employed. At first, flat rods of bar-iron 
were nailed upon the original wooden rails, or, as they were 
teehnicfdly called, steepen i which, though an expensive 
process, was found to to a great improvement. But as the 
wood on which these rested was liable to rot and give way, 
these railings were soon after superseded by others made 
entirely of iron. 

These tram or rail-roads have, for a considerable length 
of time, been much used in the colliery and mining districts; 
and some few have been carried from one town or manufac- 
turing district to another. The principal of these latter in 
England and Wales are, the Cardiff and Merthyr, 26| miles 
long, running near the Glamorganshire canal; the Caer-* 
marthen ; the Lexhowry, 28 miles, in the counties of Mon- 
mouth and Brecknock ; the Surrey 26 miles ; the Swansea, 
74 miles ; cme between Gloucester and Cheltenham ; besktea 
several m the noitii of Enriand.- 

Railways are of two kinds, apiding from die disposition of 
2 t3 
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the flanch that to guide the wheels of the carriage, and 
prevent it from running off the rail. In the one, the flanch 
18 at right angles, and of one piece with the flat surface of 
the rail : in the other, the flat surface of the nul is raised 
above the level of the ground, and the flanch is fixed on the 
wheel of the carriage, at right angles to the tyre, or iron 
placed on the circumference of the wheel, to strengthen it. 
Beside these, anothei* kind of railway has lately been intro* 
duced by Mr. Palmer, which consists' of a single rail, sup- 
ported some height from the surface of the gfound : on this, 
two wheels confined in sufficient frame- work, are placed, 
suspending the load equally balanced on either side.. This 
arrangement certainly seems to ensure the grand principle 
of lessening finction, and doubtless will, in many situations, 
be found a great improvement. 

Previously to entering upon the probable advantages like- 
ly to result from a general introduction of railways, w'c 
shall give the substance of the specification of a patent, ob- 
tained in Sept. 1816, by Messrs. Losh and Stephenson, both 
of whom are well known to those interested in the subject. 

These gentlemen preface a description of their method of 
facilitating camgges along tram and railways, with an ob- 
servation, that there are two kinds of railways in general 
use ; the one consisting of bars of cast iron, generally of 
the shape of that described by a, fig.631 , the other of the 
shape of that described by figs. 630 and 631 . That shewn at a, 
fi_g.629,^ is known in difierent situations by the denomina • 
tion of the edge rail, round-top rtul, fish-backed rail, 

That shewn at figs. 632 and 6 m, by the denomination of 
the plate-rml, tram-way plate, barrow-u^y plate, &c. The 
first we shall distinguish by the name of the edge railway ; 
the second, by that of the plate railway. 

In the construction of edge railways, Messrs. Losh and 
Stephenson’s objects are, first, to fix both the ends of the 
ruls, or separate pieces, of which the ways are formed, 
immovable, in or upon the chairs or props by which they 
are supported ; secondly, to place them in such a manner, 
that the end of any one rail shall not project above or fall 
below the correspondent end of that with which it is in con- 
tact, or with which it is joined ; thirdly, to form the join- 
ings t>f t:he rails, with the pedestals or props which support 
them, in such B manner, that if these props should vary 
fix>m their perpendicular position in the line of the way, 
(which in other railways is often the case) the joinings of 
tiie rails with each other would remain as before such varia- 
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tion^ and so that the rails shall bear upon the props as firm- 
ly before. The formation of the rails or plates of which 
a plate railway consists^ being different from the rails of 
which the edge railways are composed, they are obliged to 
adopt a different manner of* joining them, both with each 
other, and with the props and sleepers on which they rest. 
But in the joining these rails or plates upon their chairs and 
sleepers, they fix them down immovably, and in such a 
manner that the end of ^ne rail or plate docs not project 
above, or fall below the end of the adjoining plate, so as to 
present an obstacle, or cause a shock to the wheels of the 
carriages which pass over them, and they also form the 
joinings of these rails or plates in such a manner as to pre- 
vent the possibility of the nails, which are employed in 
fixing them in their chairs, from starling out of their places 
from the vibration of the plates, or from other causes. 

In what relates to the locomotive engines and their car- 
riages, which may be employed for conveying goods or 
materials along edge railways or plate-railways, or for 
propelling or drawing after them the can*iages or waggons 
employed for that purpose, their invention consists in sus- 
taining the w^ght, or a proportion of the weight, of the 
engine, upon pistons, movable within cylinder, into which 
the steam or th^ water of the boiler is allowed to enter, in 
order to press upon such pistons ; and which pistons arc, by 
the intervention of certain levers and connecting rods, or 
by any other effective contrivance, made to bear upon the 
axles of the wheels of the carriage upon which the engine 
rests. In the formation of the wheels it is their object to 
construct them in such a manner, and to form them of such 
materials, as shall make them more durable and less ex- 
pensive in the repairs than those hitherto in use. This is 
accomplished by forming the wheels either with spokes of 
malleable iron, and with cast iron rims, or by making the 
wheels and spokes of cast iron, with hoops, tyres, or trods, 
of malleable iron, and in some instances, particularly for 
wheels of very small diametei's, instead of spokes of mallea- 
ble iron, employing plates of malleable iron, to form the 
junction between the naves and the cast iron rims of the 
wheels. 

The advantages gained by this method of constructing 
railways are, first, that the separate pieep of which they 
consist are, oBteris paribus j rendered by this mode of joining 
them, capable of sustaining a much heavier pressure than 
those which are joined in the usual way. Secondly, by this 
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mode of joining the rails, they remove the liability to which 
rails joined in the usual plan, (where the end of one rail is 
seldom in the same plane with the correspondent end of the 
next) arc exposed, of receivitig blows and shocks from the 
carriages which move over them, and to which blows and 
shocks the great breakage which often occurs in railways, 
when not made of enormous weight, may generally be re- 
ferred ; and as action and redaction are mutual and con- 
trary, if they prevent the communication of shocks to the 
rails, they at the same time presefVc the wheels, the car- 
riages, and engines which move ovcjr them, from the re- 
aotion which is often destructive to them. As the centre of 
gravity in a loaded coal- waggon is, from its shape, much 
elevated, there is generally a great waste of coal from the 
shaking of the waggons, to which that circumstance (the 
position of the centre of gravity) makes them more liable 
when they encounter obstkcles," as they do at the junction 
of almost every two rails on the common railways. On 
Losh and Stephenson’s railways, the loss thus arising is, 
if not entirely prevented, at least considerably diminished, 
by the steady and regular motion of the waggons^ The 
usual method of fixing down the plates, of which the plate 
railways employed in coal-mines, and there called tram 
and rollcy-ways, are formed, is by a single^ nail, nearly at 
each end of each plate ; which nail passes thorough a hole in 
the plate, and fixes it to a sleeper of wood. These nails, 
from the vibration of the plate, or the motion of the sleeper, 
or some other cause, generally very soon start up, and con- 
sequently the plates w ork loose, and very frequently the 
nails come entirely out. The delay of work, the breakage 
of plates, wheels, &c. and the injury which the horses re- 
ceive from the loose nails which result from the mode of 
fixing the plate railways, are generally complained of, and 
therefore the advantages of a plan which will remove these 
inconveniences must be apparent. 

When locomotive steam-engines are employed as the 
moving or propelling power on railways, these gentlemen 
have, from much practice, found it of the utmost impor- 
tance, that they should move steadily, and as free as possi- 
ble from shocks or vibrations, which have the effect of 
deranging the working parts of the machinery, and lessening 
their power. It is therefore to produce that steadiness of 
motion, and to prevent the engines from receiving shocks, 
and to preserve their equilibrium, that they employ the 
floating pistons, which, acting on an elastic fluid, produce 
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the desired effect with much more accuracy than couki be 
obtained by employing the finest springs of steel to suspend 
the engine. The wheels which are constructed on this plan 
will be found, when compared with those already in use 
(the weights of both being equal) to be more durable ; for 
the arms, when made of mallenble iron, being infinitely 
less liable to be broken by shocks or coiicussions, than 
those of cast iron, may be* of less weight, and in fewer 
numbers, so that the excess of weight of the extra arms of 
the cast iron wheels may be applied on the rims of these 
wheels, and thus add to the suostance of that part which 
alone suffers from the friction of the rails. Tlie rims of 
wheels thus constructed, can also be case-hardened without 
i4fek of breaking, either in cooling or afterwards, which is 
not the case when wheels are cast in one piece. The ad- 
vantage of hooping cast iron wheels with malleable iron 
tyres Cr trods, is, that when such tyres or trods are worn 
through, they can very easily be replaced at a small exjicnse, 
and that the tyre, which is not liable to break, receiving 
the shocks from the re-action of the rails, preserves the 
cast-iron wheel, by considerably lessening the effect of such 
shocks on the cast metal. 

As it is perhaps impossible to cast the bars or plates of 
metal of which railways and plate-ways are composed per- 
fectly straight, and correctly even and smooth on their sur- 
faces, and equally difficult to fit the joints with mathema- 
tical accuracy, the w^heels of the engines and waggons will 
always have some inequalities and obstacles to encounter. 
From these circumstances, therefore, Messrs. Losh and 
Stephenson are induced to employ the improvements which 
they have made in the construction of the locomotive en- 
gine, and in the wheels of carriages upon edge railways 
and plate railways, constructed according to their own 
plans ; but it is apparent that their adoption on the rail and 
plate-ways on the usual construction, is of still more ini* 
portance. 

They therefore claim as a method of facilitating the con- 
veyance of goods, and all manner of materials along edge 
railways or plate railways, the *use of any of the plans 
they have described singly, as well as the whole of them 
collectively. They have no hesitation in saying, that on a 
railway constructed on their plan, and with a locomotive 
engine and carriage-wheels on their principle, the expe- 
dition with which goods can be conveyed with safety, will 
be increased to nearly double the rate with which they are 
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at present usually taken along railways^ and with less 
interruption from the breakage of wheels^ rails^ &c. than 
at present occurs^ and with much less injury to the work- 
ing parts of the engine. • 

In order that their specification may be more clearly un- 
derstood^ wc have annexed a schedule of drawings. 

Fipf. 629 represents a longitudinal view of the^ locomotire engine on 
the edge railway, a a a, are the cylinders containing the floating pistons 
b b, which arc more fully described in the next dgure. 

Fig. 631 represents a cross section of Fig 629, at the middle cylin- 
ders a, a; b b are the floating pistons, connected with the wrought iron 
rods c c, the ends of which rest upon the bearing brasses of the axles of 
wheels d d. These pistons press eotially on all the axles, and cause 
each of the wheels to press with an equal stress upon the rails, and to qi^t 
upon them with an equal degree of friction, aLaough the rails should not 
all be in the same plane, for the bearing brasses have the liberty of 
niovir g in a perpendicular direction in a groove or slide, and, carrying 
the axles utul wheels along with them, force the wh'^els to accommodate 
thenisches to the inequalities of the rail-way. 

Fit». 63 1<, IS a view of the wheel, with wrought iron arms, aaaaaa 
show how the arms are cast in the na\c h b, and dropped into the mortise 
holes c cccc c in the rim, which are dovetailed, to suit the dovetailed 
ends of the arms d d d d d d. The arms are heated red hot previously to 
dropping them into the holes, in order to cause them to extend sufficiently 
for that purpose, for when cold they are t(K> short In doing this they 
take advantage af that quality whicn iron possesses of expanding on the 
application of heat, and of contracting again to its fonner dimensions on 
cooling down to the same temperature^ from lyhich it was raised ; the 
anns, therefore, on cooling are drawn with a force sufficient to produce a 
degree of con.bination between their dovetailed ends and the mortises of 
the rim, which prevents the possibility of their working loose ; they arc 
afterwards keyed up ; the mortise holes are also dovetailed, from the tail 
side of the wheel {a a, fig. 635) to the crease side (5 5, on the same 
figure). 

Fig 635, is a cross section through the centre of tlie wheel, with 
wrought iron arms. 

Fig. 636 it an end view of Fig. 635. 

Fig. 637 represents a view of their edge railw^ ; shewing a rail a, 
connected witn the two adjoining rails, the ends oi which are shewn by 
h b, and also with the props or pedestals on which they rest, d d show 
the metal chairs, and e c the stone supports. The joints e p arc made by 
the ends of the rails being applied to each other by what is denominated 
a half lap, and the pin or bolt g, which fixes them to each other, and to 
the chair in vrhii^ they are inserted, is made to fit exactly a hole which is 
drilled tiirough the chair, and both ends of the rails at such a height as to 
allow both ends of the rails to hear on the chair, and the bearaucc being 
the apex of a curve, they both bear at the same point. Thus the end of 
one rail cannot rise above that of the adjoining one; for although the 
chair ms^niove on the pin in the direction of the line of the road, yet the 
rails wj^ still rest upon the curved surface of their hearanoe without 
inoylog. 

< Fig. 638 is a cross section of <their edge railway through the middle of 
ntie of the chairs n, and across the ends ofthe two adjoining rails e d and 
he pin ff ; / is the stone support or sleefier 
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Fi§f. 039 is s cross secUon of a rail a, at the centre, and shows the car* 
riasfc c b«*hind. 

Fiff. 6-»Oi8 a plan of the rul-way described at fijr. 087, shewing* the 
half tap joinings of the rails e c, placed in their carriages tld. 

Fig. 641 is a view of the cast iron wheel with the malleable iron tyre 
This wheel is made with curved spokes, as shewn ataaaaaaaaaa,itt 
the figure, and with a sjit or aperture in the rim, shewn at 6, into which 
a key is inserted. The reason of this is, that on the application of the 
hot tyre the cast metal expands unequaUy, and the rim is liable to be 
cracked, and the anns drawn off, unless the first is previously slit or 
opened, and the latter curved, which allows them to accommodate them- 
selves to the increased diameter of the wheel ; by this formation of the 
wheel the t;^re might be forced on when cold, and keyed up afterwards. 

Fig. 642 is a cross section of fig. 641, through the centre, a a show 
the tyre, hhhh show the metal rim. This cast metal rim is dovetailed ; 
so that when the tyre, which is dovetailed to suit it, is put on hot. it con- 
tracts and applies itself to the rim with a degree of adhesion which pre- 
vents its coming off from the motion of the wheel on the rail-way. This 
wheel is of the form to suit an edge railway, and to make it answer for 
a plate rai' H only requires the rim to be round or fiat. 

Fig. 643 is an end view of fig. 641, without the malleable iron tyre. 

Fig. 644 represents a view of a rolley or tram-wheel, calculated to 
move upon a plate railway, aaaa show the malleable iron arms, 
fastened to the projections 6 6 6 on the inside of 4he rim e c c, by the 
bolts d d d d. 

Fig. 645 is a cross section of fig. 644, through the centre of the wheel. 
a a show the arms, c c the rim, d d the bolts. 

Fig. 64(j represents a view of a rolley or tram-whee\ with a plate of 
malleable iron aaaa, to form the junction between the nave 6 b and the 
cast met al rim ecce, ^ 

Fig. 647 is a cross section of fig. 646. a a show the plate upon which 
the nave 5 5 is cast, c eshow the cast iron rim which Is cast upon the 
plate, the edges of which plate are previously covered with a thin coating 
of loam and charcoal dust, or other fit substance, to prevent the too iuti- 
m.ite adhesion between the iron plate and metal rim, so that if the rim 
should break, it can easily be taken off and replaced by casting another 
on the plate. 

Fig. 648 represents the plate railway on their plan. At the end of 
each plate are projections aaaa, to fit into the dovetail carriage b b, and 
at each end of each plate are projections or tenons cccc, which fall into 
the mortise hole {d, in Figs. 649 and 6.50) in the carriage b b, and secure 
the rail from an end motion ; and when the pin or key e is driven into its 
place, it secures the plates from rising, thus they are fixed immovable 
in their carriages. 

Fig. 649 is a front view of fig. 648. 

Fig. 6.50 is a plan of the carriage, in which a a show the nail holes 
through which the nails are driven, to secure it to the sleeper. When 
the rails arc laid in this carriage, and secured by the pin or key, they 
keep these nails from starting up by resting upon them. 

Fig. 651 is a cross section of the carriage, and the end of one of the 
plate rails. 

Fig. 629* shews a rail of the common way, inclining out of the horizon 
tal position, as they very often do from the yielding of the props or 
pedestals, and of course a shock is sustained by the waggons in passing 
the joining to the next rail 
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The case with which cast-iroa can be made into any le* 
quired shape has till very recently given to rails of that 
material a deluded superiority over those of malleable-iron. 
But the brittleness of the former renders such rails very 
liable to be jiroken, unless, indeed, they be of such sub- 
stance as will resist the effects of the ^‘lows or shocks to 
which they arc exposed, and which will require them to 
be of considerably greater weight than otherwise would be 
necessary. To obviate this, numerous experiments have 
been made with a view to substitute malleable-iron for cast- 
iron rails. 

Rails of malleable-iron appeur to have been first used at 
Lord Carlisle’s works, at Tindal Fell, in Cumberland, about 
the year 1B08; and though found there, and also at two 
or tbree other places at which they were tried, to be a 
saving in the first cost, and much less liable to accident, 
they have not till very lately been much used. In fact, it 
was not till some time after Mr. Birkinshaw, of the Bcd- 
lingtou Iron Works, had obtained a {latent for malleable- 
iron rails of a new and improved construction, that rails of 
this material came into competition with the cast-iron rails. 

The form of the malleable-ii'on rails previously to this 
was that of a parallelopipcdon ; which was liable to two 
objections, either that the narrowness of the surfaces, when 
compared to the breadth of the rim of the carriage wheel, 
tvas so considerable as to expose both the wheel and the rail 
to great injury from wear ; or, if the breadth of the rail 
was increased to remove this objection, the weight of the 
rail would make the cost amount to almost a prohibition of 
its use. 

Mr. Birkinshaw obtained bis patent in October 1820; 
and tbc improvement consisted in making the rails in the 
form of prisms, though their sides need not of necessity be 
flat. The upper surface, on which the wheel of the carriage 
is to run, is slightly convex, in order to reduce the friction ; 
and the under part, which rests on the supporting blocks, 
chains, rests, standards, or pedestals, is mounted upon the 
sleeper. The wedge form is proposed, because the strength 
of the rail is always in proportion to the square of its 
breadth aiid'dcpth. Hence this form possesses all the strength 
of a cube equal to its square, with only half the quantity of 
metal, and consequently half the cost of the former .-ail. 
Sqfflcicnt strength, however, may be still retained, and the 
weight of metal furj;her reduced, by forming the bars with 
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concave sides, which is the form of rail the patontcedecidedly 
prefers, although the prism or wedge form, in all its varie- 
ties, is the principle upon which his patent-right is founded. 

The mode of making these wedge* formed rails of mallea- 
blc-iron is, by passing bars of iron, when heated, through 
rollers, having grooves or mdentatioiis cut upon their peri- 
pheries, agreeably to the intended shape of the bar to be 
produced, ^t, though the patentee recommends, and 
adopts this imde as the most eligible means of producing 
these rails, he cliums the exclusive right of manufacturing 
and rendering the wedge-formed bars or rails of any length, 
for the purpose of forming or constructing rail-roads. 

The advantages derived from this method of constructing 
railways may be as follows 

1st. The original cost of a malleable-iron railway is less 
than a cast-iron railway of equal strength. 

2dly. As the rails can be made in the lengths of 9,12,15^ 
or 18 feet each, and even longer when required, the number 
of joints is hereby reduced ; and thus is removed, in a great 
mea*)ure, the liability to which the short rails now in use 
arc exposed, of receiving blows and shocks from the car- 
riages which move over them. 

bdly. In order to remedy the evil arising from the rails 
being imperfectly joined, the plan of welding the ends to- 
gether has been adopted ; by this means making one con- 
tinued rail the whole length of the road %vithout any joint 
whatever. 

4thly. It hence follows, that on iron railways, the loss of 
coals, occasioned by thejolting of the waggons at the joints' 
of the rails, and the injury done to the wheels, the car- 
riages, and engines from the same cause, arc, if not entirely 
prevented, at least considerably diminished. 

In September, 1821, Mr. Losh took out another patent 
for further improvements in the construction of rail- 
ways. These improvements consist, first, in fi:siug bars of 
malleable iron on the upper surface of a" line of cast or 
malleable iron rails, of whatever form such rails may be, 
in the longitudinal direction of the rails when laid, so as to 
fol^m an uninterrupted line the whole length of the bar, 
which may be as long as it shall be found convenient, and 
of the same breadth, or a little broader or narrower than 
the upper surface of the rails to which it is fixed. Secondly, 
in fixing, in some cases, a baud or strap of malleable iron 
to the under surface of cast-iron rails, in order that such 
strap or band may, by its power of tension, give support to 
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the cohesion of the parts of cast iron rails, and admit of its 
beinef made lighter, of less expense, and dess liable to 
breakage, ^fhirdly, in forming a rail, by fixing two bars of 
malleable iron on their sides or edges, and fixing them in 
that position by bolts and studs, or any other convenient 
method ; and in placing and fixj^g on their upper edges a 
flat bar of malleat?Ie iron, or one which is slightly curved or 
rounded at the edges to diminish friction, so that the bar 
or plate, placed and fixed on the upper ed^s of the two 
malleable iron bars, shall form the surface upon which the 
wheels of the carriage are to revolve. 

Mr. Losli states, in the specification of his natent, that 
rail-roads arc now become so general, that 'for the infor- 
mation of mechanical men, or those who have the direc- 
tion of constructing and laying them, drawings would be 
quite superfluous ; he therefore proceeds to state the me- 
thods which he has found the most convenient, for forming 
the junction of*the plate or flat bar, which he applies upon 
the surface of the body of the rail ; and also the mode by 
which he attaches the band or strap to the lower edge ot 
the cast iron rail. 

He recommends the dimensions of the bars meant to form 
the upper surface of a railway, calculated to carry locomo- 
tive engines of seven or eight tons, and waggons of three or 
four tons weight each, to be fifteen or sixteen feet long, 
two and a quarter inches broad, and half to five-eighths of 
an inch thick. At every eighteen inches or two feet of the 
length of this surface- plate, a tenon is firmly welded or 
riveted ; or otherwise attached to the under side, taking 
care in this operation to leave the upper surface' of the plate 
even as before. These tenons have holes through them in the 
transverse direction of the bars, to take a pin or rivet of 
from about a quarter to half an inch in diameter ; and at 
cacli extremity of the plate, a tenon is fixed on by welding, 
having previously cut off a piece of about two incjies long, 
and of half the breadth of the bar, from the opposite ends of 
the bar or plate, and at the opposite angles, so that when 
two burs, so prepared, are brought to joii? at the ends, the 
joint is what is denominated a half-lap, or scarfed joint. * 

If it be required to place malleable iron plates or bars on 
cast iron rails, nothing more is necessary than to make the 
rails with mortise holes, to receive the tenons with trans- 
verse boles, to correspond with those in the tenons fixed on 
the plates ; and, after placing the rails in their chairs or 
carriages,' to apply the plate to the surface of the rails, and 
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to drop the tenoDS into the mortise holes^ and to secure 
them there by pin driven tightly into and through the 
transverse holes of the tenons and mortise holes. The 
mortise holes are made in the rails by placing a core in the 
mould previously to running in the metal, and lest this 
core should weaken the rail, it is advisable to add as much 
metal on the outside of the i:ail, in the form of a boss, where 
the hole is, as will make up the deficiency. A chair is then 
placed on a pedestal at every three or four feet distance, less 
or more, according to the length of the cast iron rails ; and 
each of these must be supported at its ends : these rails arc 
generally made with half-lap joints, and to rest on a curb 
bearancc. Care is taken that, where the ends of the surface- 
plates meet toTorm a joint, they shall be sustained by a chair; 
and the reason for making the joints half-lapped, or scarfed, 
with tenons welded to these half laps is, that one pin or bolt 
will secure both the adjoining ends of the surfacc-platcs, and 
of the bars of cast iron, more perfectly in the chair, than any 
other known contrivance, when the bearance is the apex of 
a curve. Surface-plates thus prepared with tenons, as 
described above, may be attached and fixed to the upper 
surface of a series of malleable iron rails placed in chairs, 
which rails consist of flat bars (generally three or four feet 
long, more or less,*but sometimes also as long as the sur- 
face plate), fixed on their thin edges, so as to present the 
greatest resistance to a weight bearing upon them. For 
this purpose, pins or rivets may be driven through the 
transverse holes in the tenons on the surface -plate, and the 
corresponding transverse holes' made in the supporting bars ; 
and thus mgy be formed a cheap and very serviceable rail- 
way. In this case, the supporting bars should not be less 
than two and a half inches deep, by half an inch thick, if 
meant to carry locomotive engines. For smaller carriages, 
the bars may be of less dimensions, in proportion to the de- 
creased weight of the carriages. 

In forming the rail, consisting of a plate of malleable 
iron, supported by two flat bars of the same material, Mr. 
Losh prepares the surface-plate as above with tenons, and 
having fixed the two bars intended to support it on their 
edges, parallel to each other, in a series of chairs, and se- 
cured them in that position by bolts passing through them, 
and by intervening studs, to keep them at a proper distance, 
which is such, that the sides or edges of the surfoce-plate, 
which may be a little curved or rounded, to diminish the 
friction frqm the wheels passing over it, shall project about 
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a quarter of an inch beyond them. By these intervening 
studs; the surface-plate is laid upon them^ and the tenons 
are dropped in between them, and fixed by pips or bolts 
passing m a transverse direction through holes in the bais, 
which are made to correspond with holes in the tenons, 
and thus securing them as if they were in iiiortise-holcs. 
The strap or band of malleable iron is fixed by Mr. Losh to 
the under ^ge of the cast-iron nul, by perforating both 
ends of the strap, near the extremities, with along hole, cal- 
culated to pass over studs of malleable iron which are 
fixed at each end of the rail, by being run at the time of 
casting the rail or otherwise, llie studs should be about 
one and a half inches broad, by three- eighths of an inch 
thick, and placed so, that when the strap has been put over 
them in a heated state, it cannot, in contracting, slip its 
hold ; but will, on the contrary, fix itself the closer. These 
straps are made of malleable iron bars, about one and a 
half inches broad, three-eighths to half an inch thick, and 
of such length as to draw strongly against the studs and 
bottom of the rail, when in its position. The under edge 
of the cast iron rail to which this strap is applied being 
curved, it will, when the strap is fixed upon the studs, by 
an extension of its length by heat, apply itself firmly to, 
and support every part of the lower edgoof the rail, in con- 
tracting, by parting with its heat ; and till the power of 
tension of this strap is overcome, and it extends in length, 
or the studs break, the rail cannot give way. 

Many other methods, perhaps equally secure, may be 
made use of to place and fix surface-plates on the surface of 
rails ; but Mr. Losh prefem the plan pointed out, by te- 
nons and mortise-holes, and by rivets passed through boles 
in sneh^ tenons, and through corresponding holes in the 
eupporting bars ; because, when worn or damaged, these 
plates can easily be taken off and replaced, without injury to 
that part of the rail which supports them. 

The principal patents obtained before the above described, 
are those by Blenkinsop, Brunton, and Chapman j specifi- 
cations and drawings of which may be seen in the Reper-' 
toryof Arts. 

Mr. BlenMnsop’s patent was obtfuned the 10th of April, 
1811, and is for a method of fixing into the ground a 
toothy rack, or longitudinal piece of cast iron, or other fit 
material, having teeth, or protuberances, into which a 
toothed or cc^gra wheel, connected with a locomotive car-* 

ri«g^^pUiy». 
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Mr. Brunton’s patent was taken ont the 22nd of May, 
1613, and is for a method of propelling machines aloAg a 
ndlwa^ by means of two or more bars or legs, which, by 
receiving a reciprocating motion from a steam engine, act 
agunst the ground like a man’s legs, when in the act of 
walking. These bars or l^s are constructed of metal or 
wood, and of such length that,, during the act of propulsion, 
the angle form^ by the said bars or 1<^ and the surface of 
the road mav be such, as to afford sufficient resistance from 
the materials propelled against to overcome the friction of 
the body to be moved. This angle admits of considerable 
latitude ; but will be found to answer best when between 
50 and 70 degrees. 

The reader has now been informed of the principal patents 
that have been taken out for improvements in rail-roads. 
The rails most in use are those of cast-iron by Losh and 
Stephenson, and of malleable-iron by Birkinshaw. 

Previously* to constructing a nulway, it is necessary to 
ascertain, as accurately as the nature of the thing will ad- 
mit, the quantity of lading expected to traverse each way 
upon its line. For if the weight of the carria^ of merchan- 
dize, &c. be more in the one direction than in the other, as 
will frequently be the case in forming a line of railway h'om 
a manufacturing or mining district to a town, the railway 
must have a gentle inclination or descent ; but if the lading 
is expected to be nearly equal in both directions, with a 
preponderance at certain periods only, the railing must, iu 
such case, be set out in levels, or in lines nearly level, 
and the ascents and descents made by planes inclined ac- 
cordingly. 

That the reader may see the necessity of paying doe at- 
tention to this point, we shall show the advantages that will 
result from constructing railways with a gentle gradual 
descent, when the carriage of the articles of trade are con- 
siderably more in one direction than the other. 

Dr. Armstrong, in his Recreations in Agriculture, ob- 
serves, tW ahorse, travelling at the usual rate that waggons 
move, would, with ease, under favourable circumstances, 
draw 20 tons : but Mr. Felton says, that five tons to a horse 
is the average work on rulways, descending at the rate of 
three miles per hour ; or one ton upwards with the same 
speed. Mr. Telford, an experienced enginrar, obsc^ra, 
that on a nulway well constructed, and laid with a declivity 
of M feet in a mile, one horse will reaiHly take down wag- 
gons contiuning 12 to 15 tons ; and bring back the saine 
waggons with four tons in them. Mr. Joseph Wilkes^ in 
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1799 stated, that a horse of the value of 20/. drew down the 
declivity of an iron road, -^^ths of an inch in a yard, 21 car- 
riages or waggons, laden with coals and timber, weighing 3& 
tons, overcoming the vis inertite repeatedly with ease. The 
same horse, up this declivity, drew five tons with ease. On 
a different railway, one horse, value 30/. drew 21 waggons 
of five cwt. each, which, with their loading of coals, 
amounted to 43 tons eight cwt., down the declivity of 1-3(1 
of an inch in a yard ; and up the same place he afterwards 
drew seven tons ; the cwt. in all these experiments by Mr. 
W. being 1201b8. 

Though in the preceding statements there is an ajpparent 
varianeb, the authors are not the less entitled to credit ; be- 
cause the variations may have arisen from difference in the 
physical strength of the animals, or in the method of con- 
structing the railways. To make the case, however, as 
clear as possible, we shall here present our readers with 
some obseiTatiofes and calculations deduced from known 
data, which have lately appeared in a very able pamphlet, 
entitled A Report on Kail- Roads and Locomotive Engines,’^ 
by Mr. Charles Sylvester, civil engineer. 

Mr. Sylvester, having made some judicious observations 
on the principles of railways, and the nature of the friction 
to be overcome, states, that, agreeably to the principles 
laid down in the commencement, when a force is applied 
equal to the friction, the smallest force above that would, 
if continued, generate any required velocity. But it will 
be desirable to have such a force at command, as will ge- 
nerate the necessary velocity in a short time, and when that 
has been accomplished, to reduce this force, but still to leave 
it fully equal to the friction. If any part of the route has an 
inclination, there ought to be an extra force at command, 
above what would be required for a dead level. The plane 
on which this experiment was made, inclined, in the direc- 
tion of the load, about of an inch to a yard. This is as 
great, or perhaps a greater, inclination than any rail-road 
ought to have^ where loaded carriages go up and down. 
The. moving force ought, therefore, to be always greater 
than the friction added to the force which is required to 
overcome the inclination of the plane. The latter force 
assists the body to go down, and equally resists it in moving 
upwards. 

On this account’’ says he, I have used, or supposed, a 
moving force, which will give the velocity of 5 miles an hour, 
or 7^ feet per second, in the space or one minute. This will 
be performed down the above plane by the engine making 
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45_ 4tixA(fS par minute, (the circumference of the vrhcel 
beinjf lliilMi feet), with a pressure of 9*71bs. niion an inch, of 
each of the two cylinders, the area of each beiug 63-6 square 
inches. 'Hie weight of the engine and 16 waggons is equal 
to l54,56(Hbs, or nearly 70 tons. The velocity of five miles 
an hour being acquired after one minute, the only force to 
keep the whme in motion, at the same rate^ will be the 'dit> 
fcrence between the gravity of the weight down the plane 
and the friction, friction is 9001bs ; the gravitating 
force of the weights down the plane 5401bs j therefore 900 
- 540 = SOOIbs. 

** If the same weight, at that smed, had to move on a dead 
lev'el, and acquired the same velocity in one miuutc as be- 
fore, the moving force would require to be 17811b8. which 
would require a pressure of 13‘7lbs. upon one inch. But 
after the speed is obtained, it will require onlv 71 bs. to keep 
it moving at the same rate. If the same ioa^were required 
to move up the plane, it would require a moving force of 
232Blb8, ,or a pressure upon every square inch of 18‘31bs. 
And this velocity would be kept up by a constant piessure 
of 14471bs. which will be ll'31bs. upon every inch of the 
piston. 

In starting the engine, in the first instance, and giving 
the required velocity, it is probable the effects will agree 
very nearly with these calculations; namely, ld4,5601bs. 
moved at the rate of five miles an hour, with a pressure of 
9'71b8. upon cverv inch of the piston. Whether the pres- 
sure were reduced to the difference between the friction and 
the force upon the plane, which is calculated at 2‘81b8. it is 
difficult to say, as there was no steam-gauge to indicate the 
pressure when the engine was going." 

In table 1. at a more ai^anced part of the work, 
Mr. Sylvester states, that, when the engine is required to 
travel at the rate of nine miles per hour, the force necessary to 
overcome the weight, 15^560108. will be for the first minute, 
when the engine is travelling on a level 2890'811b8 ; when 
moving down the plane 2461*611b8 ; and when moving up 
theplwe SSJO’Ollbs. But that, when thq velocity is at- 
tained, a force that will balance the friction is sufficient to 
keep up the required velocity. This -torce is, for travelling 
on a level, 90dlbs ; for mdvii^ down the plane, 47111)8 ; and 
for moving op the plane l$i91bs. 

By this, tlmrefore, it is evident that, when the lad’ng is 
e.Kpccted to be considerably more in one direction of the 
line of rail-road than it is in the other, the advantage winch 

2U 
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will arigc from making the road with a gentle slope^ ia very 
great. This kind of railing is also preferable wpm the l8» 
ding is only equal at certain periods. For then thd expense 
of extra horses, to draw the additional weights up the plane 
during these periods, will fall infinitely short pf the expense 
saved ny making the plane with a gentle inclination. 

The necessaiy preliminaries b^g settled, the engineer 
Drill obtain muen greater facility, as also a diminution of ex- 
pense, by beginning to iay down the ipils on any part of the 
intended line of road where stone, gravel, and other mate- 
rials that are wanteld, are to be most conveniently had $ as, 
by that means, he will evade the slow and expensive mode 
of common cartage. 

The immense sums that have been invested in the bands of 
certain companies, for the purpose ‘of establishing general 
lines of rail- road throughout the country, have excited much 
interest and elicited many able* papers from practical men, 
in several (rf the publications of the day. Amongst these, 
perhaps those inserted in the Scotsman, an Edinburgh news- 
paper, and in the Manchester Guardian, arc the most de- 
serving of our notice. 

The Scotsman first commences with some theoretical 
statements, and then continues t 

Having developed the theory of the motion of carriages 
on lorizontal railways, we shall have little more to do with 
mathematical discussions, and shall now turn oar attention 
to points of a practical nature, better adapted to the taste of 
ordinary readers. But first, we shall bring under the eye 
again, the effect of a given quantity of power on a railway, 
and on a canal, in a calm atmosphere— for it is only id a 
calm atmosphere that the results can be proiicrly cornered. 

We have found that a fioat^eighing with its load 15 tons, 
andatoaggoH qf the same we^htf the one on a canal, and the 
other on a rail-way, would be impelled at the foilowing rates, 
by the following quantities of power-^whicb we have stated 
both in pounds and in hnese power-i^reckoning one horse 
power equal to 180 pounds* 
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iMfe iMkt taken into accoent the time loet in over- 
coming tM bwriiA of the.ivi^ii where a small power is 
Al^iiea, becanse^ in point of bet, the casoal resistance of 
the wind wonid render It necessary to provide double or 
triple the p<!»#er above stnted. Bat if nrcessam the time 
lost by th^slow motion at first m4(i>t ^ saved. Suppose 
tiiere are (Mnrtain member of ^[daces where the steam*coach 
or waggon was to stop, to take in or put out passengers or 
goods; and brtber, that the ‘waggon, by travelling a few 
miles, his acquired an nAiform velocity of 20 miles an 
hoor. 1%en, if it is made to ascend an inclined plane of 10 
feet perpendicalar height, this velocity will be extinguibhed, 
and the vehicle will stop at the head Of the plane. When 
it is to proceed again on its jonrney its descent along an in- 
clined plane of the same hei^t on the other side, will enable 
it to recommence its career in a few seconds with the full 
veloci^ of 20 miles an honr. By raised platforms of this 
kind, at the two extremities of the jonmey, and at the in- 
termediate stages, the velocity thus generateif, might be 
treasured up for permanent use. The platforms should be 
of different heights, corresponding to the various velocities 
of the vehicles plying on the rtulway. Bot, in point of 
bet, the terminal velocity is attained so soon firom a state of 
reat, that this contrivance wonid probably be found nn- 
aeeessary. 

Where leeks or /(fits occur, the stationary steam-engine 
should drag up the veldcle (supposing it to be along an in- 
clined plane), not simply from the one level to the other, 
bat to a platform some feet above the higher level, that the 
vehicle, % its descent, might recover the lost velocity. It is 
plain, however, that when the difference (ff level did not 
exceed bight or ten feet, the momentnm of the vehicle 
would carry it op witboot any assistance from a stationary 
engine, ana with merely a small temporary loss of velocity. 

Some persons imagine erroneously that teethed wheels 
tiad rackwork wotdd be hecessary where the railway was 
not perfectly levd. But the friction of iron on iron being 
2b ptu'eent. of the weight, if the whole load was upon the 
Wbeds to which the moving power Was applied, and if the 
quantity of power WUS sufiMent, the waggon would ascend 
withont s^ping thos^h the plane rose one foot in foor-> 
While even curt roads scUrceV ever rise move than one foot 
in 18 or 20i If fonr-fiffipi of the load, bowevCr, were placed 
on separate cars, and only one-tenth Of the whole pressor^ 
fer inkiuM)^ wac upon the lixle to which the moring force 

2 u2 
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was'appltpd’, the power of ascent by friction would onty be 
one-tenth of one foot in four, or one foot in fortjr, • 

The steam engine, as we commonly see it, la so boUqr, 
and with the additioq of its fuel and auppl^ of wate#, ao 
ponderous, as to create an impression on a mrst view, that 
Its whole power would scArcely, under the most hsroarable 
circumstances, transport its'^wn weight. The steam*boat, 
however, which cuts its way through the ocean, in defiance 
of tide and tempest, shews that this is a mistake. For all 
velocities above four miles an hour, the iocomotive engine 
will be found superior to the ateaui-boat ; that is to say, it 
wilt afford a greater amount offiee power, above what is re- 
quired to move its own weight. 

We have seen various statements respecting the loco- 
motive engine, few of them so detailed as could be desired— 
from which we subjoin the following particulars t 
Trevithick and Vivian’s high pressure locomotive en- 
gine, with a cylinder of eight inches diameter, and e pres- 
sure of 65 pounds per square inch (apparently about eight 
horse power), drew carriages containing ten and a half tons 
of iron, at five and a half .miles per hour, for a distance of 
nine miles. (Stuart's History of Steam Engine, p. 164.) 
Whether on a road or railway is not mebtioned. 

We find it- stated in a Ldverpool paper, as the result of 
inquiries made respecting the locomotive engines, that one 
of these, of ten horse power, conveyh fifty tons of goods at 
the rate of six miles an hour on a level railway. But was 
the road an edge or tram road 7 
Mr. Blenkinsop states, in replies to queries put by Sir 
John Sinclair, that his patent locomotive engine, with two 
eight-inch cylinders, weighs five tons, consumes 2-3d 
cwt. of coal, and fifty gallonsaif water j^r hour, draws 27 
waggons weighing 94 tons on a dead level, at three and a 
half miles per hour, or 15 tons op an ascent of two inches 
in the yard ; when * lightly loaded* travels 10 miles an bdur, 
does the work of 16 bones in riabouri^ and costs 46(H. 
Another person says, that the weight of this engine with Us 
water and coals is six tons, spd that it draws 40 or 50 tons 
(Widens intruded)' at four miles an hour on a level ndi- 
way. (Repertory of Arts, 181R, p. 19-21 < This seems to 
have bwn a b^h pressure engine of about e^t or ten 
horse power. But we are not informed what sort of nul- 
way it worked od» how long its joumies wet^'tfr what is 
meant * lightly loaded.*' > » < 

We shfedl take- for granted •^tbeo that «n eigbt-bone 
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povr^r high pressure eogine, with its charge of water and 
coal, and wHb the car which bean it, weighs six tons, and 
that it requires an additional sdpply of 100 weight of coal, 
* and 400 weight of water for each hour it works, lliis h 
very consistent with other ascertained foots. We find, for 
ioatanee, in the parliamentary report on steam navigation, 
tliat the low' pressure engines used in vessels, which are 
made twice ah stroifg as stationary engines, weigh about one 
ton and one>ftfth for each horse power, including their 
eharge of water and coal. Now the high-pressure engines 
want the condensing apparatus which must diminish the 
weight probably by onc-Aiurth part. The estimate for coal 
we have increased one-half, because we think it rather below 
the troth. It is only about nine pounds per hour for each 
horse power, while Mr. Watt allows twelve pounds for his 
low pressure engines. 

It follows, therefore, that an eight-horse power locomo- 
tive engine, with coal and water ior eight hours, would 
weigh eight tons. Hence, bulky and ponderous as tlie 
steam-engine appears, we find that a locomotive engine, 
weighing eight tons, moves bO tons beside itself, '(taking the 
more moderate estimate,) that is, it consumes only one- 
seventh part of thd power it creates, when travelling at four 
miles an hour; or the free power a^licable to other pur- 
ppeea, ie setmt-eighths of the whole. This is the result of an 
early experiment, made probably upon a rail-road not of the 
best kind, and with vehicles much less' perfect than they 
may yet be rendered. Though it falls much under the effect 
' calculated theoretically, it does not strike us as being incon- 
sistent with the truth of the principles on which' the calcu- 
fotiun was founded. 

The high pressnre engine, on account of its smaller 
weight and bulk, is evidently best adapted for railways ; and 
it cat) be used with perfect safety, because it may be easily 
placed in a car by itself, a few feet before the vehicle in 
which the passengers are.) The vehicle itself, by its regular 
and steady motiod on the railway, would answer the pur- 
pose of in the most perfect manner. The en- 

gine might 'nui upon six wheels, wb’tcb should be locked 
together by teeth plotons, that the tendency to slip might be 
resisted by the friction of the whole'roass of eight tons. 

The bmt form of a steam coach for the conveyanee of 
passengem would probaUy be. Ahe following i— A gallery 
seven feet high, eight wide, and 100 feet in length, ' formed 
into) 10 separategallcries 10 feet long each, connected with 




each other by joints jvorking borizontalty, to all(^ ttio tndo 
to bend where the road turned. A narrow covered ^t* 
way, auspended oq the outside over the wheels on one side, 
would serve as a commoi^ means of commupicado'n lor the 
whple. On the other side (night ho outside seats, to be ns^ 
in fine weather. The top, surrounded with a rail, (night 
also be a sitting place of promenad& like the .doolt ,of a 
track boa|. Two of the 10 rooms might be set apaiit for 
cooking, stores, and various accommodations; the other 
eight would lod^ 100 passengers, whose weight, vHtb that 
of their luggage might be 12 tons. The coach itself might 
be 12 tons more ;'and that of the locomotive machine^ eight 
tons, added to these, would make the whole S2 tons. Bach 
of the short galleries might have four wheels ; but to lessen 
the friction, the tWo first wheels only should be grooved, the 
two last cylindrical, and three or four times as broad as the 
thickness of the rail. The conveyance of goods Would be 
effected by a train of small waggons loosely attached to each 
other. 


It will be observed from the table we have given abov^ 
that it wQ&ld require seven horse power to im|>el a steam* 
boat weighing lo tons at 12 miles an hour, ^'his gives a 
load of two tons so moved ; however, *the engine, if a low 
pressure one, tdth waterand eight hours’ coals, woulcLweigh 
nearly 10 tons, and the vessel would weigh at least five i so 
that the whole power of the engine would be expended in 
impelling itself arid the ship containing it, at the supposed 
rate, and no free power would remain for freight. Faets 
show that the resistance is actually rather greater in 
water thah theory in this case represents it. We have cid- 
cttiated from data furnished by the Parliamentary Report on 
steam navigation, that the entire burden on the engine in 
vessels going only eight or nine miles an hour in calm 
weather, rarely exceeds three tons for each horse povt'er, 
while, according to the table, ftshonld be five tons. Indeed, 
in our common steam-vcssela for posaengers, going eight or 
nine miles an boor, the ship and engine may m considered 
as constituting the whole burden. For 60, psssengeip, 
weighing perhaps with their luggage six pr eight tons, placed 
on board a afalb Weighing, with her engine m 60 or 70 horse 
power, n hnnm^ and fifty or hundred (md e^h^ tons, form 
but an addition of oue*twentietfa or one thirtieth to the 
maUf^ i^nantity of no importance in a praetiesl point of 
view. If we eouvert the stean)*eogiae power into real horse 
poWer, and figure to onrseivea 100 nmiea employed to 
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draw SO penons,^^ see whet an enormooe waste of power 
thene is jo tbe mode of eMti^jraance> We may remarK Air* 
^berytfaat the tenor of the ew^enee siren before the Par- 
UBiDeotanrConinittee randersft eim^elrdoifotfol,ndiether 
any vessel ooold t» «»sti«eMt wonid bear an engine 
eapable of inwelmig her at the rate of two loUes an hour, 
witiioot the help of wind or tide. 

When tbe steads eoach {9 bronght fatly into use, practice 
will teach oa tnany thinjH respecting ii^ of which theory 
leaves ns igoonmtt mth the focifities rapid motion 
which it win afford^ however, we tbinh we are not toosan- 
gnine, fe expecting to see the present extreme rate of tra- 
velling doubM.” 

^is practicability of conveying individuals or merchan- 
dize at tbe speed required in the present improved state of 
oor internal intercourse with the different parts of the king- 
dom, has created much doubt and discussion with many able 
and practical mechanics. The question seems to resolve 
itself thus, Do the friction incurred by any moving body, 
laying aside the resistance of the atmosphere, increase in 
proportion to its velocity } 

Without going ipto any diffuse or ^eoreticai argument on 
this |)oint, we sholL merely cite that by the results of actual 
oxpeiiments instituted by Vince and Coulomb, it appears 
that friction does not increase proportion to the velocity. 

By experiments made also by Stephenson and Wood, 
it apiieors that the force r^uired to keep a ^ven weight in 
motion does not vary with the vdocity : thus, a force of 
141bs. was found to overcome Auction, and keep in motion 
an empty coal waggon, weighing 23’S& cwt. on a rail-road ; 
and that on doubliim the velocity, no more force was re- 
quired. Further auo it appears, that on increasing the 
weight, or load, (he power required to overcome tbe fric- 
tion, and keep the waggon in motion, did ndt iqcrease in si- 
milar proportion, but up to 76 * 26 , cwt. was about one-four- 
teenth less. ‘ 

Notwlthstetiding the simple and satisfacto^ manner by 
which the experiments thatled to these results were con- 
ducted, the foot W been still much doubted. We cannot 
therefore do better Jfoan to extract Axim foe Manchester 
Guardian foe. folloml^ article. Which cpntuns an account 
of ekperimenfs, with most condusive resnlts, made by foat 
able mechanic, Mr. Roberts of Manchester ■ 

** Hie bbject of foe papers op ndl-ioads which appeared 
in the Scotaman, was, in a grdit measure, to shew the prac- 
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ticability of tcaasportiog commodities upon ndlt-foads m s 
vesry cousidemble speed; and(i^h some ftliadet) wkicb. 
ne shall endeavour to pmnt oot) they'oooUdn.a stoat deal 
of valnable information^ on the ndative ments.of nigharays; 
caaal8> and raU-roads. Tho' principal point, boivever, airil 
the one to which we shall Confine onr obsarvations^' is an 
enunciation of the laws which regulate the friction of roffiag 
and sliding bodies, as deduced horn the experiments of 
Vince and Coulomb. With a view to the tilinstration of 
this part of the subject, some very important. and conda> 
sive experiments have recently been made in this town, to 
which we shall by and by have occasion to crier at some 
length ; bat before doing so, we must make Bifiew observa- 
tions on the rule laid down by the Scotsman, and the ads<» 
conceptions which appear to have prevailed respecting it, 
both in that journal and in other quarters. 

After comparing the resistance experienced by a boat 
moving through the water, with the wiction which retards 
the progress of a waggon on a rail' road, and stating that 
they are governed by different laws, the Scotsman notices 
the condusions estrolisbed by the experiments of Vince and 
Coulomb ; the most important of which is, that the friction 
of rolling and sliding bodies is the same for alb velocities. 
The writer then observes 

‘ It is with this last law only that we have to do at pre- 
sent ; and it is remarkable that the extnuxdinpry results to 
which it leads, have been, as far as we know, entirely over- 
looked by writers on roads and railways. These results, 
indeed, have an appearance .so paradoxicaT, that they will 
sWek the faith of practical men, though the principle from 
wUch they flow is admitted without question hy*aii scienti- 
fic mechanicians. 

* First. It flows from this laiw, that (abstracting the re- 
sistance of the «r,) if a car were set in morion on a levd 
rdlwa^, ,witb a constant force greater in any degree than 
is require to overcome its firiction, the car wonld juroceed 
with a motion continually aecelm^ted,- like a jhllii^f body 
acted upon by the force ri gravitatioh ; and however nnafl 
the oripnal vdocity might be, it would in rime increase 
beyond any assigeaBle limit. It is only the resistance of the 
air (inprepsing as thespace of (be veloo%} that pievents this 
indefinite » iccelmtion, and nlriraatdy rendety the morion 
uniform. • v . , 

‘ Secondly. Setring sside again, the resistance of the aie 
(the flfiects of which we shall esrimate by and the vi»y> 
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ciHueainotiBtor coQBtontierce which impels a caroo avaft' 
ww at-two miles ao hour, would impel it at ten or twenty 
miles an bonr, if an extoa force were employed at first to 
overcome the fissctto of the car, and generate the reqaii^ 
vdodty** Startlinf as this proposition may i^^iear, it is an 
MisjMUable and necessaty oonsequence of ^ laws of 
fiaetwH. 

< Now it would at all times hp easy, as we shall afterwards 
■show, to convert this accelerated motion into a unifinm 
of any determinate velocity ; and firom the nature of the re- 
sistance a high velodty would cost almost as little, and be 
as readily obtained as a low one. For all velodtiies, there- 
fore, above four or five miles an hour, raQ-wa^ will afford 
facilities for communication prodigiously superior to canals, 
or arms of the sea.* 

Now we are perfectly satisfied, both by the experiments 
of Vince and Coulomb, and those more recent and conclu- 
sive experiments, to which we have already alluded, that 
the rule laid down here is correct ; but the writer ought to 
have guarded agunst tte misconception to which bis last 
paragi'aph is liable. When he says tAt a high velocity 
would cost almost as little as a low one, he should have 
sfud that it would cost as little pm mile, or as little over any 
§^ven space : for it cannot be his meaning, that a carriage 
can be kept moving for an honr, or for any given tim^ at a 
high velocity, with as little expenditure of power, as at a low 
velodty. Yet this he has Men generally understood to 
mean, and a great deal has been written and said with a 
view to prove that be was mistaken j when in fact he was , 
only misunderstood. In a subsequent article, however, ‘ 
the author appears, in some degree, to have fiillen into the 
same error into which he has led other persons. He says t 

* Every body knows that tire rate of stage coach travel- 
ing in tins country has increased within tire last twenty-five 
years, fiom six or seven miles an hour to eight or nine, and 
this, too, before roads were M*Adamized, and with much 
less iiquiy to the horses than was anticipated. Supposing 
(hat acoara-borse could run ftmrteen miles unloadM, with 
the same muscular exertion which carries forward the 
stage-coach at eight or nine miles, then professor Leslie’s 
becomes 3*4tbs (14 e)2. Each horse would, of 
Cdurse^ draw with a force of wbs. at six miles, and of 
^Ibs. at eight miles an hour. But if the friction increased 
in the ratio of the veloc^, tho load upon each horse would 
inmose ftom dSlbs. to ftOlto., when the speed inmeased 



6M tmt OTBRATIVB mbMumic 

ftom tJght anJes an henr : and aa the hofse enertiog 
the same strength, would only pall with a force pf ii^ha., 
he would thos have mote than donbk work to do, wfaidi f» 
plainfy, impossible. lint admit diat the fHction is equal in 
equal times « then, since the time is diminished l-dtb by 
increasing the speed horn six to eight miies an. hour, the 
horses have actually 4-5ths less to do : the load upon, each in 
reduced from dSIbs. to 96, and the Imrse wbidd ttare to ib> 
evease its exertion only l«3rd, that k, from 27tba» to 96. ■ 
The frmts, We1>elieve, mil be found strict^ consistent witii 
this hypothesis, and decidedly at variance widi the other. 
However strange it may sonnd, then, to common obtervers, 
it is practically true, that a smaller absolnlb amount of force 
will drag a coach over the same space in three hoars than iu 
four, and in one than in two.* 

This panwraph seems to ns to contain a very obvious 
fSllaey. If the speed be increased from six miles an hour to 
eight, the horses have by no means l-4th less work to do, 
supposing the friction a constant quantity, and the traction 
consequently tfae^ame. It k true that they exert thk 
TOwerfora shorts time, but it k over the same dktance. 
Supposing thrower of traction necessary to overcome the 
friction k lOCKflbs., then that power must be extended over 
every yard of the distance, whether the carriage moves at 
six or eight miles an hour : and it k by the dktance, not 
the time, that the power mast be measured. That thk 
must be the ease, will be obvious if die experiment be put 
in another shape. Suppose a perfeedy horizontal railway, 
a mile long, with a perpendicular descent of a mile at one 
end of it, as represents in 6g. 652. 

Snppose a waggon placed on this railway at A, at- 
tached to a roiie passing over a pnllw at B, and loaded at 
that point with a weight exactly Snmeient to overcome die 
fiicdon, then, if the resistance of die air k nothing, and 
;the rope be without weight, it follows, from the rule Irid 
down, that if the waggon Is set In modoa at any given 
speed, it will continue to move at that rate, untH it rm^es 
the point B and the we^ht frdls to C. But whediar the 
wuggon passes over the ndlwayin an hour or hi diree 
nduptes, it is obvious that the same, weight wifl desomid 
thi^gh the same space, an4 i^et consequently,* the sfrne 
amount qlT power will be ex^ndbd. It^t, perhaps, neOm- 
sasy to observe here, that if the weight k only lUst sum- 
fo overcome ^e firictioq, th^ will (as k p#ofcd by 
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the ekperiments of Mr. ^^ce) be do aecderatioB of motion 
on the principle of &Iling booies. . 

Howerer, though a carriage cannot, as think we 
hove shewn, be moved ten miles in one hour, with a nimiUr 
expenditure of power than in two, it is very interesting to 
Icnow that it can be moved with the same expeniUture, 
(excepting the resistance of the air.) In msny cases dis- 
^tch is of so much consequence, tw tiie elnci(ktlon and 
application of this mie wrUl probably lead to very important 
results. Many persons, however, are very sceptical on this 
subject, and contend that the experiments of Vince and 
Coulomb do not«authoiise any such conclusions as have 
been drawn from them. It has been asked, if the same 
constant force will move a carriage as wdi at a hig^ as at a 
low velocity, why we do not see something like this in prac- 
tice ; why a carriage moved by a steam-engine instead of 
acquiring, as it proceeds, a high degree of velodty, moves 
on at one uniform rate after it has overcome the via inertiai 
at the commencement of its journey ? Wc think the rea- 
son is very obvious. A locomotive steam-engine does not 
exert the same constant force on the peripheries of the 
wheels of the carriage, when it moves at different veloci- 
ties. For instance, suppose the piston of an en^ne to move 
220 feet in a minute, and to impel the peripheries of the 
travelling wheels at a velocity of two miles, and with a 
force just sufficient to overcome the friction, bow can !he 
speed be augm^ted withoutatocreasing the power of the 
engine? If the diameter of m wheels be increased with 
the view of increasing the speed, the force with which they 
are impelled wUl be diminished in the same proportion ; 
and the engine will stop, unless the pressure is increased. 
To increase that, of course, will be to augment the power. 
As it is obvious, therefore, that a steam-engine cannot ex- 
ert the same force at different velocities, some other means 
must be devised for putting to the test of experiment the 
rule Md down in the Scotsman. 

We now come to the most important and interesting 
part of this article. As none of the experiments of \^ce or 
Coulomb (so far as we have seen or heard them detailed) 
were made with bodies resembling railway waggons, 
either in form, or in the nature of their motion, the cor*> 
rectness of the conclusions deduced ffom them with respect 
to such carriages, was doubted by many persons of consi- 
derable scientidc attainments. It became desirable, tbeic- 
fbre, that other experiments should be tried, with carriages 
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upon ndlways, T^'hich, of course, would be much < more 
satisfactory, 'niia, however, it did no^ at first sight, ap> 
pear very easy to accomplish in a satisfactory manner : but 
W. Roberts, of this town, recently devised a mode of de- 
tetmining the point, which appears to us ivholiy unobjec- 
tionable, and which exhibits, in a high degree, the simpli- 
city and facility of execution, by which that gentleman’s 
inventions are so eminently distinguished, ft was very 
difficult to devise means for measuring accurately the fric- 
tion of a carriage moving over a railway ; but tt occurred 
to Mr. Roberts, that the difficulty would be obviated if the 
railway were made to move under the caruage. When this 
idea once presented itself, it was easy to ^uoe it to prac- 
tice. Mr. Roberts therefore constructed an apparatus, of 
which fig. 654 udll give a pretty correct notion. 

■4 

A is a small wagfroii with four cast iron wheels, placed on the peri- 
phery of a cast iron drum Bs three feet in diameter, and six inches broad, 
I which acts as the rail-road.) lliis drum is fastened on the same shaft as 
the pulley G, which is driven at different speeds by a strap from another 
pulley. The waggon is attached by a Vire to one of hfarriof s patent 
weighing machines D, for the purpose of measuring the faction, and the 
board G, prevents the current of air, occasioned by the motion of the 
drum, from acting upon the carria*ge. Now if the drum be driven with 
any given velocity, say four miles an hour, in the direction indicated by 
the markE, and the waggon held in its place by the wire which attaches 
it to the index, it is perfewy obvious that the wheels will revolve on the 
disjui in precisely the same manner as if the waggon moved forward on a 
horizontal road ; and the friction will also he the same, except, perhaps, a 
small addition occasioned by tl^^rvature of the drum, out which will 
not affect the retative frictions ojjjBfferent speeds. As the waggon is sta* 
tionary, the resistance of the air wBl be -entirely got rid of ; and the index 
of the'machine will indicate the precise amount of traction nectsssary to 
overcome the friction. Of course, in making the experfment, it lyill be 
necessary to keep the centre of the waggon exactly over the axU of^he 
drum; for if it were permitted to go beyond the centre, a part orthe 
weight would be added to the fnctlou , if, on the contrary, it was brought 
nearer the index, a part of the wei^t would act against the friction, and 
diminish the apparent quantity. The tempering screw F, is therefore 
added to keep the waggon in its proper situation, in whatever wgy the 
spring* of the weighing machine may be acted upon by the frict||p. 

This simple apparatus having been constructed, a number or experi- 
menti were made, chiefly with a view to determine whether the friction 
were the same at different velocities. The waggon was loaded with fifty 
pounds, (including*it8 own weight) and the drum was driven at different 
veiuefties, \arying from two to twenty-four miles an hour on the periphe* 

* ry^ in evei^ case, the friction, as indicated by the weighing machine, 
ifas Ins same. No increase of speed affected the index at all, 

but on ijedK&sing the weight, it immediately sbeu^ed a corresponding in- 
ereuBfjttSrietioa. * 

oonsider these experiments as [)erfectly conclusive 
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of the foct, that the friction on a railway is-the same for all 
velocities ; and that a carriage may be propelled twenty mil«wi 
in one honr^ with the same amount of torce which would 
be necMsary to drive it twenty miles in ten hours, provided 
the resistance of the atmosphere was out of the question : 
and, if the carriage was properly constructed, that would 
not amount to much. In other words, goods may be con- 
veyed from Manchester to Liveipool, on a rail-road, with 
veiy^ nearly the same expenditure of steam, whether they arc 
carried two miles, or four miles, or twenty miles an hour. A 
steam engine, which will propel twenty tons at four miles 
hour, will, with the same expense of coals, propel ten 
tons at eight miles an hour ; so that, with the smaller load, 
it might make a journey to Liverpool and back, in the same 
time which would be occupied in going thither with the 
larger load Or, to put the matter in another shape : sup- 
pose a four-horse engine will convey forty tons to Liverpool 
in eight hours, an eight horse engine will convey the same 
weight thither in four hours. There will be the same ex- 
penditure of steam in both cases, but, in the latter, a 
saving of half the time ; a saving which, we heed not add, 
will frequently be of immense importance." 

These practical results are very satisfactory, as tne hope 
of propelling carriages at a suitable speed, for the more ra- 
pid dispatch of business, and conveyance of passengers, is 
thereby placed almost beyond a doubt. 

We ought to notice here, the striking difference in the 
force requisite to give rapid motion on a rail-road to that on 
a canal or navigable river. These latter are governed by a 
totally different law, as the resistance, or head of water on 
the bows of the boat, increase as the squares of its velocity ; 
consequently it will require four times the power to douole 
the speed. But, on the other band, it must be admitted, 
that in all speeds under three miles per hour, the cana hu 
a decided advantage, as the force increases as the speed di- 
minishes. 

With respect to the horse, it is well known, that his 
power decreases as his speed increases } and that when be is 
travelling at his greatest speed, which, with a weight, sel- 
dom exceeds 13 miles pw hoqy, he is able to exert little or 
no strength. We, therefore, take it for granted, that in the 
present improved state of our mannfoctures, artificial pow- 
er of some description myst be resorted to, and whatever 
experience may prove td the most economical, the ap- 
plication of that power i8*the most important part of tne 
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itrbjiMt BO«r vttder oonaidenilktn. Od this pdlnt> the data 
«ritB \riiich are ftmished i» so as scaracfy 

to render it possible to toon any decssive opinion. 

The engines which hare been some time at work at Mr. 
Brandley’s collieries, near Leeds, have a cogged wheel, 
phiying in a rack, which is laid as one of the nuls of the- 
rood ; and those at Hetton ccdliery are much on the same 
principle. Uns plan is 'objectionable, because the whole 
‘ weight of the enmne, which, on the moat improved con- 
struction, is not Jess than eight tons, is on the wheel, so 
that any obstacle on the rail, must of necessity shake the 
whole machinery. To obviate this, Mr. Gordon has con- 
trived, and taken out a patent for a l^omotive carriage with 
the engine on springs, which imparts the motion without 
any connexion with the wheels or axIe-trCe, and there are 
various other plans in progress for the same object. But let 
this be effected as it may, the great weight of the engine, 
which is by far the greatest objection, is not obviated. And, 
indeed, this appears to us only possible to be accomplished, by 
cither diminishing the weight of the engine, as proposed by 
the application of Mr. Brown’s pneumatic, or vacuum en- 
gine, or taking the engine entirely from the carriage, and 
emplo^ng stationary engines, at suitable distances, to tow 
or draw the carriages in regular succession. This last mode 
has been applied to practice in the vicinity of Ncweaatlc, 
by Mr. Thompson ; and the results may be seen in some 
very able observations annexed to the specification of his 
patent, and inserted in the Repertory of Arts, for March, 


His method consists in dividing the line of Rail- road into 
any number of stages, at suitable distances apart. At ttie 
end of each sta^e an engine is erected for the purpose of 
drawing the earri^pes from the next stage, or engine, on 
either side, towards itself. This is effiseted by means of 

3 108, which, previously to commencii^ oppatiefi, are 
en firom each respective engine to the engine immediately 
before it by horses; bat after the work has commenced, by 
being hooked at the end the advancug or retoroing 
carnages. 

In forming linesof r^-road upon this system, that is, where 
stdtionory engines are 'to 1 ^** employed^ U is not necessary 
thati they indind te the dweetion of die loads; or be made 
peiCaotfy IdveK For in eugines of this description there is 
no ooMsion to p^r that partiealar attention to the we^ht of 
boUcr and aj^rlenaoeesy as is the cese ia engines 
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wMch hi^Te,* kMomothre priaolpte. Indeed trifiiaff inemidi- 
tiies of 8nrfiiee> which woold be » msieiiel ohieetim^^ 
applicatioo of loooinatire cerriegA^ are, in the Uoes of road 
where etetkmaryen^nee are employed^ (pdte auheeded. 

As many roads are traversed tm night as well as by day, 
it becomes necessary that a sl^al sboald be given from one 
engine to the other as soon as the carriages have arrived and 
are hooked to its respective ropes, that the engine tender 
may not be at a loss when to tbow his machinery into 
geer. For this purpose, Mr. Thompson recommends that 
uie door of the fire-place of the boiler, or other strong light, 
be placed towards the engines on each side, so that, by 
opening it on that side which faces the engine, to whose 
ropes the carriages jnst arrived have been attached, the en- 
gineer may adopt such measures as will effect the desired 
purpose. • > 

It is true, locomotive engines were not at that period so’ 
well understood as at present ; but it appears to us that this 
point still remains in a very undecided state, and that from 
the even now limited experieuce in propelling carriages on 
railways, at a speed any thing like that of common 
carriages, it is very difficult to hazard an opinion. From 
the data, however, that can be collected, we certunly in- 
cline to stationary engines, a» the most mechanical and 
economical application of the requisite power. 

As to the d^ree of danger which travellers may be ex- 
posed to by locomotive engines, it cannot, under, a 
proper managemept, exceed that of a steam-boat, or a 
factory, where power is operating. It is true, that as the 
weight of the engine is of great consideration, condensing 
engines (if steam be the force employed,) are quite inappli- 
cable, and what are generally called high pressures must be 
introduced. But thbugh all engines wbicn do not condense 
their steam, and act only by the pressure, or elastic force, 
are called high pressure engines, there is no necessity what- 
ever to go to dan^rous heats, and with either wrought- 
iron or copper boners and valves, placed out of the reach 
of the operative engineer, or engine tender, may certainly 
be worked at 45 or ^Ibs. pressure, with as much safety as 
at 2(Nbs. in condensing engines. Indeed, on investigating 
cause of steam expiosiona, they will be found to have 
rarely occurred but ftom the grossest ignorance and neglect. 

wch'of our leadms who are desirous to have farther in- 
formation on tins interesting mitdect, we must refci to a 
very able report on rail-roads, by Mr. Charles Sylvester, 
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to the paper aUuded tol^Mr.'niompaoti*,in ^e Repertory- 
of Arts, for Mardi, 1822, to a work .which will shortljr 
issue from the Piess, by Mr. N» Wood of tho IQUiiigworw 
Colliery, of whose experiments, in coi^nnctioii with MiV. 
Sylvester, we have akeady had occasion to imd to 

Observations on a Generu Iron Railway, by Mr. On^. 
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•nd borax placedalong tho edges of the metals melt» aad OQti) the 
adhesion of the gold with the metfil is peifect He then tabes the 
ingot eanifttily out of the stave. By this process the Ingot is plated 
with goU» and prepared ready for lolKng intp sheets. 

Thu/GfU in, Colours,^TI^ principal colours of gold br ipUing are 
redt gnsan, end yellovr. These should be kept in different amaU 
gamik The part which is to remain of the firstcolonr, ia tp be stop- 
ped off with a compositioti of chidk apd g^ue I the variety required 
IS pmdneed by gilding the unstopped .with the proper amdgamt 
acoordlnrto the usuiu mode of gUdingv ^ ^ 

Senfe^ines the amalgam is applied to Ine suriace to be gilt, with- 
ont any ^ickinjg, bv spreading It with aqna-fortis } but this depends 
on the same prtneipie as a previous qnickiug. 

Gretian Gi/dim. --Equal parta'^of sal-ammoniac and corrosive sub- 
limate, arp dissolved in spirit of nitre, and a solution of gold made 
with this menstroum. The silver is Iwushed over with it, which is 
turned black, but on exposure to a red heat it assumes the colour of 
gold. 

To dissolve Goldin Take an aqoa-r^a, composed 

of two parts of nitrcois acid, and one of manne acid $ or of one 
part of sal-ammoniac, and four parts of aqua-fortis | let the gold be 
granulated, put into a suiBcient qnanti^ of this menstruum, and ex- 
posed to a moderate d^ree of h^t. During the solution, an effer- 
vescence takes place, and it acquires a b lUtiful yellow colour, which 
becomes more and more intense, till it has a golden or even orange 
colour. When the menstruum is saturated, it is very clear and trans- 
parent. 

To gild Iron or Steel with a solution of GoZd.— Make a solution of 
8 ounces of nitre and common salt, with 5 ounces of cmde^alum in a 
sufficient quantity of w'ater ^ dissolve half an ounce of ^Id thinly 
plated and cut ; and afterwards evaporate to dryness. Digest the 
residuum in rectified spirit of wine or aether, which will perfectly ab- 
stract the gold. The iron is brushed over with this solution and be- 
comes immediately gilt. 

To Gild, ly dissolving Gold in Fine linen rags are 

soaked in a saturated solution of ^Id m aqaa^regia, gently dried^ 
and forwards burnt to tinder. Hip substance to be g^lt most be well 
polished; a piece of cork is first dipped into a solution of common 
salt in water, and ajfterwards into the tinder, which is well nibbed on 
the surface of metal to be gilt, aud the gold appears iu all its 
metallic Instre. 

Amalgam of Gold in the large uHig,^A quantity of quicksilver is 
put into a emclble or iron ladto, which is lined with dfaj, and ex- 
posed to heat tiU it bqgins to smoke. The gold to be mixed should 
fie previonsly granulated, and heated red hot, when it should^ be 
adm to«die qnkil^Iver, and stirred about with an iron rod till it is 
pertetlyf dissmve^ If then should be any snperfloos mpsesm, it 
limy beXi^paiatedJiiy paMw deaasoft leather; ana the 
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raniiDittg amalgam will hare the cdoaistenoe of hotter^ and ceiiftaia 
about 3 parts of mercury to 1 of gold. 

To Gild by ^mo^auialion.— -l%e metal to be gilt iu^retioasly 
well cleaned on its surface^ fay boiUng in a weak pickle, whielt' is a 
Tery. dilute nitrous acid. A quan^tv of aqua-fortis is poni^into an 
earthen vessel, and ^uic1^silver pot therein j when a suffidrat quan- 
tity* of mercury is dissolved, the articles to be gilt are put iatO/ die 
iiofution, and stirred about a brush till they become white. This 
is called quicking. Bhtt.Al^q^ng quicking by this mode,; a noxious 
vapour continually arises, ^hioh proves very injurious to the health 
of the workmen, they have adopted another qiethod, bv which , they, 
in a great measure, avoid that danger. They now dissolve the quick- 
silver in a bottle containing aqua-fortis, and leave it in the oped air 
during the solution, so that uie nmtions vapi»ur escape into the air. 
Then a little of this solution is poured info a bason, ana with a brush 
dipped therein, they stroke over the surface of the metal to be gilt, 
which immediately becomes quicked. The amalgam is now applied by 
one of the following methods : — 

1st. By proportioning it to the quantity of articles to be gilt, and 
potting them into a white hat together, working them about with a 
soft brush, till the amalgam is uniformly spread. 

Or, 2dly. By applying a portion of the amalgam upon one part, 
and spreading it on the surface, if flat, by working it about with a 
harder brush. 

'fhe work thus managed is put into a pan, and exposed to a gentle 
degree of heat •, when it becomes hot, it is frequently put into a hat, 
and worked about with a painter's large brush, to prevent an irregular 
dissipation of the mercury, till, at last, the quicksilver is entirely 
dissipated by a repetition of the heat, and the gold is attached to the 
surface of the mdtal. This »lt surface is well cleaned by a wire 
brush, and then artists heigbren the colour of the gold by* the ap- 
plication of various compositions $ this part of the process is called 

COLOURING. 

To gild Olois and Porcelain, No. 1.— Drinking, and othqr glasses 
are sometimes gilt on their edges. This is done, either bp an adhe- 
sive varnish or by heat. Hie varnish is prepared by dissolving in 
boiled linseed oil an equal weight either of copal or amber. This Is 
to be diluted by aproper quantity of oil of turpentine, so aO to be ap- 
plied as thin as possible to the parts of the glass intended tdbe gilt. 
When this is done, which will be in about twenty-four houra, the 
glasa is to be placed in a stove, till it is so warm as almost to bnm 
the Angers when handled. At this temperature, the varnish will 
Wome adhesive, and a piece of leaf gold, applied in the usual way, 
will immediately Stick. Sweep off the auperflous poftiona Of the leaf, 
and when quite cold, it may be buraished, taking care to InUhrpoiim 
a piOosrof very thin paper (India paper) between thb'gpld aDd Ife 
bfui^ber. If the varnisk is tery gbM, thls is IhO' befi metliud df 
Ip^'ghks, aa tho gOid is thus Med on mtsra Ihiulttt.aiiy 
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' ^Nd!. 1*— It Aften happent^ w]iaii Ika Tamiali ia lmtiadiffisf«iilidk«t 
^ repeated wfusluag the wears off | oir this aecouilt the pwid* 
m of tiding it in is sdiDhiSnes hfd teooi^ 

F«fr ws purpose^ SofneopldjMWder witbbon«« and in 

iMie'f^pIttrd to the clean siarfaoe of the glass> by e cen^^a hair 
qoite di 7 > iagatinto h stove heatid toabo^ 

ihetettpsratare.of an anneahAg oven the com boms off* and the 
bbnnc, by t^4fywg> o^ihen^ ffd^with; isreat . firmness to the 
glass i af^rrwhtdi it niay be bOmiih|K^9|be' gilding upon porcelain 
il in iihb manner fixed heat and borax } and this kind 

of ormre bdog peither^raatfiareDt nor liable to soften, and thus to be 
injured in its form innIMr red heat» is .free from the risk and injury 
nAich the finer and more fosi^ kinds of glass are apt to snstaiti 
firom flucb treatment. Porcelaio and other wares may be platioisod, 
eilvered* tinned^ andbronied^ in a aimilar manner. 

7b GiU Leather.^lti order to impress gilt figures^ letters, and 
other marks upon leather, as on the covers of bioks^ edgings fbr 
doors, &c. the leather most first be dusted over with very finely 
powdered yellow resin, or mastich gum. Tbe iron tools or stamps 
are now arranged on a rack before a clear fire» to as to be well heated, 
without becoming red hot. If the tools are Utters^ they have an al* 
phabeticalVarraogement op tbe rack. £a^ letter or stamp must be 
tried as to its heat, by imprinting Us mark on the raw side of a 
piece of waste leather. A little practice will enable the workman to. 
judge of the heat. The toot is now to be pressed downwards on the 
gold leaf ; which will of coarse be indented, and shew' the figure im- 
printed on it. The next letter or stamp is, now to be taken and 
stamped in like, manner and so on with the others ; taking care to 
keep tbe letters, in an even line with each other, like those in a boc^. 
By this operation the resin is mc3|bd \ consequently the gold ad- 
heres to the leather. : the superfluous gold may then be rubl^ off by 
a cloth { the gilded impressions remaiuingop the leather. !n this, as 
in every other operation, adroitness is acquired by practice. 

The doth alluded to should be sli^tly greasy, to retain the gold 
wiped off ; (otherwise there wilt be a great, waste in a few rnonm,) 
thedqlh will thus be soon completely saliurated or loaded with thegold. 
1V|um tbis j8. the case,: these dotbs ans generally sold to the refiners, 
w& bern themlrnd reepyer the goJld;Someof ches^fford so much gold 
by/bqnuug, asto be worthlrom ogh|neeto agoineaandk half. 

JVHtingSr Dfmifigs,^c. on Paper or Par€kmeni,^Loi^ 
hers written on veUnm or paper are giidedln three ways : In the first, 
n]Utm,dae jd. ,m|^ widitho loltj, liiqd the letters arowritten as 
ui^ 2 ;. ifiben., they are, (^y, ^ qqg^pbf etickineas is prodimed 

^"'^SltMngoii^ them, upos leaf is kimediab^ ap- 

pressure 'limy; be aofibrieut 

lltonguhn* mi H meefia^of 

a mwan.: when the mixture is din&l dfy, the {|ml^>eaf eB|^;be .Iafd 
on^ and afterwards burnished. The last methA is to mix ^'sume 

3 A 
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gold powder wkh eiee, and to fern the letters of this &y oeaM of a 
brash. It is snpposed that this latter method was tint used by the 
monks in ilinmininagtheir mispals, pssltess, and rnbrics. > 

3V GUd tie edges ef edges eS the leaves of books and 

letter paper are gilded whilst in A hor^tmti^ positiew.lM thtf bodk- 
bidderh press, by first appljdng.a omnpesitkMk formed of, fo^ parts 
of Armenian bide, sad onem cadi^ sugar, <groaod togethe'r pith 
‘‘ * * Ildd on >» a bm«h *Hh the white 

e 4 dt7 a^ . 
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niaher ) which is ffeDertSRf a^rooked bieca of agateg Vfry smooth, 
and fixed io a handle. It is then sll^tfy tuoisteaed by a aponw dip- 
pad iD« clean water, and sqoeesed lathe hapd* 'Jfbe gold leaf is now 
taken up on a piece ofcottoa, froni||he leathern cashmn, and applied 
oa tlie laoistmied surface. When dry, it is to be burnish^ by ruDbibg 
the agate over it repeatedly from end to end, taking care net to wound 
the surfiice by the (loint m Hie burnisher. A of silk or India 
paper is usually interposed between the gold and the burDisher. 

CJpiton wool is generally used by bookbinders to take the leaf ap 
from the cushion \ being the best adapted for the purpose on ac- 
count of its pliability^ smoothness, softness, and slight moistness. 

To gild Silk, Satin, Ivory, ^c. by Hydrogen Gas. No. 1.— Im- 
merse a piece of white satin, silk, or ivory in a sOlation of nitro'^mn- 
riate of gold, in the proportion oi one part of the nitro-muriate to 
three of distilled water. MThilst the snbstance to be gilded is still 
wet, immerse it in a jar of hydrogen gas : it will soon be covei^ed 
by a complete coat of gold. 

No. 2.«-The foregcTng experiment may be very prettily and ad- 
vantageously varied as follows iPaint flowers or other ornaments 
with a very fiae camel hair pencil, dipped in the above-mentioned 
solution of gold, on pieces .of ^Ik, satin. See. &c. &c. and hold them 
ovev a FloreiiGe flask, from which hydrogen gas is evolved* during the 
decomposition of the water by so)]))suric acid and !t(m filings. The 
prfinfed flowers, in a few minutes, will i^jne with all Che splen- 
dour of the purest goldw A coating of this mtid win net tarnish on 
expesuve to the air, or intwaslungw 

on gjtU&ng on ^Wv'^-^Tlie wpod most first be covered, or primed, 
by two of three gos)$^ boiled linseed oil and mebonate of lead, 
in order to fill wdlie Woree, and fwatfsl the isMewides of tlie'lar- 
face, occaskum by iim veme lb woeA whtn thej^adag is 
elm coat of ^goUd^siKe mist be Ipfid stm ls>{irmred 


iMmF&e, tiU kU te A/proper Xf cI« ^ 

it W be sdEplagdy 

0BfMeSSuKDr<ftim^ firrfimtrf iwaels^^ 

wood, about eight ioebes square, by a ti^t eovenii|g of leafaer), a 
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ip e)i( into strips of a proper size by e (>]oiit paHet knife | ead» strip 
i^imtlteii taken upon riie point of p fene brnsb, is ^ppVe^ to ^ 
pprt mtmMi to begilded> and is then gently piesssd down by a Hhil 
of soft cotton; the gold ImmedfSIsly sdher^oMthe sticky sutfspe 
of thi^slzd, and altera few winotesji the dextofona applicetioii ia a 
larae hi^ brosh sweeps away tife loose particSeh of the jj^d 

le^ wlthont disturbing the rest b adfty or two the atte will ^ 
ccf^^dy dried, and the opetaalpiMritt he feushedi 
Tneadvimtages of th^p ineiiied o qp| [ y y alWEthat it is very simple. 


_ ot weedier, eVen 
^iled it may be leaned by 


vdry dnretde# end not, readily injni, 
when exposed to the eoen air : and W^n 
a little warm water ana a sift brua|h | its chief employment is in ont^ 
door work. Its disadVhntsge fe, that it cannot be bomtshed, and 
therefore wstits the high lustn^odnced by the following method. 

To Gild by itirairAmg.— This operation is chiefly perfermed on 
pfctnre frames, monldings, headings, and flue stucco work. The 
sncfecetobe (pltmaat be carefel|y covered with a strong site, made 
by boiling down pieces of white leather, or clippings of {mrchment, 
tnl they are reduced to a stiff jrily; this coating being dried>«e%lit 
or ten more must be applied, consisting of the same size, mixed with 
fine Paris plaster or washed chalk ; when a sufficient number of 
layers have been put on, varying according to the nature of the work, 
and the Whole is become quite dry, a mo<ferately thick la^er must be 
applied, composed of size and Armenian bole, or )idlowoi^e pf lead : 
while this last is yet moist, the gold leaf is to baput on jn the nanal 
mMner , it will immediately adhere on being pressed by the oottpn 
bah, and before the size is become perfectly dry, those parts which 
arc intended to be the most bj^iant are to be carefully baroished by 
an agate or dog’s tooth fixed m a beadle. 

In order to save the labour of femnishleg, it is a common, but bad 
practice, slightly to burnish the end to deaden the 

rest by drawing a brpeh over them size % the required con- 

trasC between the polished and the nnnolished gold is indeed thus 
obtained ; but the geneivl effect is inferior to that produced in 
the regular way, and the smaUe^t drdip of water faUiag on the sized 
part occasions a stain. This kij^ of gHding can only be applied on 
zo-door work ; as raid, and even a coariderabfe ^ree of dampness, 
will occasion |he gold to peA off* Wlwa dirty. It tiiyy be cleaned by 
aseft brush, wUk n^tspiritof wfee^Ptoil of tut|)eatine. 

* ToGrtMG>jVer,ftc.fy.rfi»id^yfli«.^]knmerdeaverydean 
dfcopper ih a dddted Uoliftidn Of niteelT of mercury. By the affipity 
of adid^ ih4 be precipitated: now 

irthe ^kmafettb^of nailer tbmly over the epat of mercury 
d Veil 4d ifeo Odp jNtf II ^ 

ii^a |tmi(|nWtbe|^ the piece or pirns im 

rti6e>inadeimfovontif fertn^Wbwthoreis If 

•ifei-lfttle ffbnter Hhm tba, 

j vctatilfeed, m slr91.lmbemrtiMly tfk. 

^ fHdhb leeway thd femncee aio so contrived that the 
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*3 pdifadi ^ 6irir^ii^;tx 

Thq seated. iD«tal is .Mlie^ %k it, till tbe sllti^ir h 

'^fit tkinMAer ; 

fealnci^Wlfda » 

m caV^^niijdl^UKbd ^ Wartf^- rapeaiiM till 
a aSffid^t DUibbeir 

body. * *, '^. . '' ' '*'* V ■’. '•» 

. 2d! fiy tbe Qse dtAMd^TG^pmm.m 
|be iroii and sltwi^ /iiTIftHe mbi liy bi^ 

liiff-wtre. It U%eii placed tb d doslirtiied iti ibtUbthe 

soTdeir melts v whealt is taleen' obt^^d dd dodllag Is* fdulid tpnad- 
bece.bniiily- . / * / 

.'And ^ifd. By tiobioff tbe Ifon dtta bnititjjp^tiie sitnsr b^ tbe ia- 

lei^edia of* snps wthi tln/broiMt ihtbMlwfeif \a d' gabwh’eat. 

To iin^Copper and Brats . — ^Boil sul poobdii of d^^bi Uitkr^dbar 
gallons of ivater^ ' and eight pound)!* or ^ 1 ^^ ^r 4ib ibaviiigs. 

After the materials have Wled a suffibm.t ttmd, the ^stance to be 
tinned is put tberein;i add the boiling cdbtiboed^ wben the tin is fae- 
cipkated in its metallic form. * *T ** 

To tin Iron and tfdii ifblbb 111 to.be tinned^ most 

be pre^ou^y ste^d in ^id mhteHbli^ hs sour wbey» distillers' 
washj'&c. i then acoui'^' and dipped in melted titt> bi^ng been first 
rubb^ over with a sdlu'tidu sat ammoniac. . The 'surface of tbe tin 
is prevented from calcining)^ covering it with a that of fat. Cop- 
per vessels must be ctduns^ ; and then a sn&iifent ^naptit)’’ of 
tin with sd ammoniac is pdf Ibereln, and broU]|bt Ibtd ftksion, ^nd the 
copper yeseql. moxed. about. > A jittle resin, is sometimes added. Tbe 
sal ammdnbc'preyenfs the coppeY frop) scjEdihlfybird* cabses the tin. to 
*bc fixea wbhrevef ' tAie^ bijrtft'' Vfy!pmtn ' j^poeiM i<ir 

% dncn^' w oif >i boi« -liif -'w« 

'dll)^'’wftterj MV H1 ms'‘ i$8«p*bn'tli6 cwmttey’ te in Itame 

pbce 'wiifp % 'i^a^«aot wtorl^. Kbvr ; p«^ iil 4 dtadiiifii %f 
^|n .a ^ritiiB4i"!|l(C^UT^ yiU M ii^e6iy(ateai£ tbkitet 
,j(i«aBtipart^s^lt!fitf% res&MM t^ vcteUt!^. %iSl h.aa%^ 

■■■ ' '■ 

To^pfepare w ^ Tr'^j^ttkta tfie * 
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hw> dwM rat «• -ft mm fttm' ratito j -Iwt Ok 
phtli ra t ra ra ra faw t» pifaiad hat^ « c<lwrfo iUlEto'«l^n 9 «fe|di 

Tt^tnpmnM^'Uai TVra^l^t « an mbo» «f i|e of 

loaaHn iw wrjor^iOfo « jdoar orwinp<ira*Bt6lP, f^toth* 

botMv of die wMi dkdUecf oMoi^ and Iddmw cf idlyfo.,add. 

Mil akalK-dMAiiktoie'WBH. I^<i»|^ra;* itijt of itee iriili o fawmBor 
Mdfthuibtlutt kmy i|o»4)aBrtefofMi{ttelt dlidc^l ioclitoiw} it 
thoBMQto timo feem Botdiea in ra<d>4*iy« othreMjtty WMdrifio to 
be«Mpradod>Bodtiethetliroad 80 'tmjKlrakiio(dhM be opfiofaioatt 
when the iBetal bango.qBite |ierpe^dical«r»:. Whra it Is tiOd, rait the 
towoods ofthetiiread throhgh s (MWfototlMi lb tin coik^ aOdlet diem 
hoflgaln titd'OTer O'smsU Mteter of wood wbidT amy isubetwe^ 
diem ond the Oorb. Wben bwwiiig is tritsl, let die ieiwdi betiMba 
the ooik ud the sine besoch that the predpitant (tbe ame) laay te 
at eqpabdiatatteer from the side« bottom, and top, pf the tosm^, IrbeB 
tmautaodia it> Whas^allthiags are tl^ prepared, plaee the vessel 
bkiOplaee (rbero it may not bo oistarbed, and introdbee the sitiO» at 
theeamedme -fitdngiB tbpcoilr. The metal wilt very soibi be co- 
vered with the kad, wbidi'itprocipitates from the solntion. and this 
wid oontmnu totake plara aadl the whole be precipitated apen the 
sine, wlydi will assume theMform of a t^or bush, whose leaves and 
braachea am lamlnal, 'or plateSHif a metaSie hstre. 

MetaltietWiteTUig, mrjim 4kinc-^ojre<r-This ardde of Parisian 
inventioii, which is much employed to cover onmmieBtal dttdnet work, 
dressing-boxes, telescopes, cqiera glassea, dec. ko. is prepsibd in the 
following .manner. ■ * 

Sulphuric add is to be diluted withfriim'sevea to nine parts of water ; 
then dip a spo^ or Mdnto-it, aad wash with it the surface of a 
sheet of tin. This iVill speedily e^ibit an s{q>earance of crystal- 
lisation, wluch is tbe.qu^. 

' This .effimt,]iAweiBr,«aDi|et he easilK. produced upon every sort of 
ah^£ :t&» for if fj^'aheim bail been mpra hardaoed by henwMring or 
rcjlUng, then the inoire cannot be effseted Bnkd ^ ehee$ has been 
heated 'so a8..to|)^lida|gp jsalpiijident foskn: on thesarbee, after, which 
die add . wiU'iM£.^i|l{W)n.iL apd Pfodoce tbe moird. Almost eay add 
will dd as wdl,bs the' amphoric,' and. It is saidi that the dtric acid, 
dissolved ia iMmCkrant quantity of wXter, answers betti^thsa any 
.O^er. • ' / • ‘ 

, , tlie'moird mag be modi, itraroy^ b}: candying the blow-pipe, to 
form small aad beantifulepeiw on']^eiti|ruiee of tlie tin, pterions to 
t|ia appUeatlCB hf. the addi ■- ■ 

' .When tbe mdfd has beep, founed, the plate is to be ririnished apd 

nsimniiddeli^stone-smdd^bm^ HufeHow woriemab stands 
beiide 4um with aerniw hlied with mdted lead ) and baringpowcd 
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a Certain qoiutity tipon the stoae^ the other lifts the moveable stone* 
and dashing it on the fluid 1ead> presses it out into a flat and thin 
plate, which be instantly removes from the stone. A second quantity 
of lead is poured ih a similar manner, and a similar plate formed, the 
process being carried on with singi^r rapidity. The rough edj;es of 
the plates are then cut off, aud they ere soldered together for use. 

Mr. Waddell has applied this^ method, with great success, to the 
formation of thif^ plates of sine, for galvanic purposes. 

To phie ZfOofoi^<-0/a55ejF.7^Tbis art is erroneously termed silver- 
ing, fpr, as will be preseutly^aaeu, there is not a particle of silver 
present in the whole composition. 

On tin-foil, fitly depoteStin a flat table, mercury is to be poured, 
and gently rubbed Vith a bare’s foot | it soon unites itself with the 
tin, which then becomes very sp|mid, or, as the workmen say, 
is A plate of glass is then cautiously to be slid upon the 

tin-leaf, in such a manner as to sweep off the redundant mercury, 
which is not incorporated with the tia; lead weights are then to be 
placed- on the glass, and, in a little 'time, the quicksilvered tin-foil 
adheres so firmly to the ^ass, that the weights may be removed with- 
out any danger of its falling off. 1 he glass thus coated Is a common 
looking-glass. About two ounces of mercury are sufficient for covei^- 
ing three square feet of glass. < 

The success of this operation depeods'much on the cleanness of 
the glass ; and the least dirt or dust on its surface, will ^prevent the 
adhesion of the amalgam or alloy. 

Liquid Foil for silvering Glass No. 1. 

1 oz clhan lead, ' ^ 

\ oz. fine tin, 

1 t>z. bismtith, and 
10 oz. quicksilver. 

The lead andHin must be put into the ladle first, and so soon as 
melted the bismuth most be added. Skim off ^he ^rpas, remove the 
ladle from the fire, and before it sets, add (be quicksilver : stir the 
whole carefolly together, taking care" not to breatl|e over it, as the 
fumes of the mercury are very pernicious. Pour through ap 
earthen pipe, htto the glasO globe, which turn repeatedly round. 

No. 2.— p-2''part8 mercury, 

1 part tin, 

Ipart lead, and 
1 jpM bismuth. 

No. oz. quicksilver, aud ^ 

tin-toil. ' ‘ ", 

The quantity of thi*foil 4 |p be added, is so much aa will hUcoioi 
barely.^iud wheumined. {ii^l^etfobe be dean and warm, and inject" 
the/fikl^yep by means of ^ at the apettdre,. tornteg It aboui 

till it If stifered all ovec. * Lei the rdmeiader run ontAana banji tbs* 
globe up. ^ . I . ‘ ^ 
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LAC^iUEWNa 

Lafiqtur for Bran, 6 ox. leed ]ac> 

2 ox. amber oxoopal» ground on poiphyryi 
40 gr. of dragon’s bloi^^ ^ 

30 gr. extract ot.xe^»8andal vroU> obtained by; 

36 gr. of Oriental sa^n^ 

4 ox. of ponnded glfii^mnd 
40 ox. vcj^nre aloohol. * 

To apply tbis varnish to artl^s or ornaments of brass« expose 
I hem to a gentle heatj and dip them into varnish. Tiro or three - 
coatings mav be applied in tbis manner^ if necessary. The varnish is 
dutabJe, and has a beantifttl colour. Artfcies vanushed in this man« 
ner, may be cleaned with water and a bit of dry rag. 

Lacquer Jw PhifosopMcal Insirumenis.-^Thin lacquer or varnish Is 
destined to change, or to modify the colour of those bodies to which 
it is applied. 

f ox of glim guttss, 

2 02 . of gum sandaric, 

2 02 . of gum elemi, 

1 ox. of dragon's Uoodi of the best quality 
] 02 . of seen lac, 

^ } 02 . of terra meriter 

2 grains of Oriental saffron, 

3 02 . of pounded glass, and 
20 02 . of pure alcohol. 

The tincture of saffron and of terra Inerita, is first obleinedby infu- 
biug them in alcohol for twen^-four hoor^ or exposipg them to the 
heat of the sun in sniulner. The tincture most he strained through 
a piece of clean linen clotfl; and ought to be atrongly squeexed. Tbis 
tioeture is poured over the dragon s blood, the gum eiemi, the seed 
lac, and the gdm guttm, all pounded and mixed with the glass. The 
varnish i» then m^e actsording to the directiona^beCpre given. 

It may be applied with great advantage to philosophical instru- 
ments : the uSe of It might be extended, also, to various cast or 
moulded articles with which furniture is ornameilted. 

If the dragon's blood be of the first quality, it may §pve too higb a 
colour ; in.this case, the dose may be lessened at pleasure, as well as 
that of the other colouring matters. 

tp is with a s wl4r,kiii4 of varnish that ^ artists of Geneva pve 
a golden orange oolour tb the small nails ej|||^yed to ornament watch- 
casou i hat they keep the proeesu very sedTet. A beautiful Mght 
colQur might be evguy oornmnnmated lo thix mixture ^ but ttiey pre- 
fer m orange oofour, produced by certam eompositious, the prepara- 
tion of which has no rebtiou to that of varnish, and which hasjmen 
successfully imitated with saline mixtures, io which orpiment is a 
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priueipal ingredient. The nails^ are heated before they are immersed 
in th/e varnish^ and they are then spread out on sheets of dry paper. 

Gold^coloured TLacque^ for brass Watch-cases, Watch-keys, 

640Z. of see^ac^ 

2 oz*. of^atnimr^, ' 

2 ez. oi gnun guttm> 

24 gr. of extract of red sandal sveod in water, 

60 gr^f ^agon's blood, 

36 gr. of Oriental safiTron, 

' 4 oz. of pouaded glass, and : ' 
of pare alcohol. 

Grind the amber, the seed lac, gM gattss, and dragon’s blood on a 
piece of porphyry 5 then mix then^mth the pounded glass, and add 
the alcohol, after forming with it an infusion of the saffron and an 
extract of the sandal The tarnish must then be completed as 

before. The metal arUcM destined to be cotered by this varnish, 
are heated, and those ilMch will admit of it, araUmmersed in packets. 
The tm% of the varnish inay be varied, by modifying the doses of the 
rxilourkig substanceB* 

Lacquer of a less drying quality. 

4 oz. seed lac, ^ 

4 oz. sandarac, or mastic, 

1 oz. dragon*! Idood, 

S6 gr. terra merita, 

36 gr. gum guttse, 

5 oz. pounded glass, 

2 oz. clear turpentine, 

32 oz. essence of turpentine. 

Extract, Iw infusion, the tincture of the colouring substances, and 
then add thsmsinous bodies acbordihg to the din^tiODB fyr compound 
mastic varnish^ . 

liBfcquer or varnisheh^^ this kind are, calldS changing, because, 
when f^splied to metals^ such as copper, l^ass, or hammered tin, or 
to wooden boxes and other furniture, ^thoy eomrotiincate to them a 
more agre&ble colour. Besides, by their contact with the common 
metals, they acmirea lustre whidi appl^Oaches that of the precious 
iiietals,:imd to which, in consequence oi peculifur intspsic qualities or 
certaiii laws of convention, a much* greater twlue is attached. It is 
by means of these '^changibg yamitliHm, .that artists are able to com- 
tmmxcate to their leave^f silver and copper, those shining colours 
..observed in Mis. ThUll product of industry becomes a source of 
prosperity to the manufamurera of bhttoDs , and works formed with 
foil, the hands of the' jeweller/ contributes * with so much 

enooesa to of the rayo^xf light which doubles 

tbola^inl^iuid sparkjj^nglil^lit^ 

lt#lb tarui^ of this kind iKal wd are iaddhted for dhe manuiac- 
1 »rd-Of^gnt leather wUch,>sftlag^ in Shg^nd; ftax-givenitoh^^ 
to that of papier ilimm, Whidh it emptoybd'^foV Che^d^oiution of pt- 
loxms, theatres, 'ftc. 
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Id the last place, it U by" the effect of a foreigtf ttAt obtatoed 
from the cohvfnng part of aatfroo, tbf t the Maks of slim dissciBii* 
Dated io confection a hyacinthe r^ct a bei^fid ^old colour. 

The colours transmitted by di fluent coloiffing substances, require 
tones suited to the objects for which they are destined. The artist 
has it in his own power to vary them at ^asure. The addition of 
annatto to the mixture of dragoi^'s blood, sa%-Qn 4 , &c.tlrsome changes 
in the doses of the mode intended to* bo made in coloors. It is, 
therefore, ''ipipossibie to give iimited formulas. 

To make Lacquer of various Tints* 

Infuse separately 

4 oz. gum go1|ee in 
d2 oz. of essence of turpentine, 

1 oz, annattOi^ and 

4 oz. dragon's blood, #>4 p separate doses of c«- 
^ sence* 

These infusions may be easily made in™6 sun. Aftef fifteen 
days* exposure, pour a certain quantity of these liquors info 4 flask, 
and by varying the doses different shades of colour Will be obtained. 

These infusions may be employed also for changing alcoholic Var- 
nishes ; but in this case, the use of saffron, as well as that of red 
sandal wood^ which does not succeed with essence, will soon give the 
tone necessai^ for imitating, with ticctures, the colour of gold. 

To Bronze Plaster Figures. — ^For the ground, after it has been 
sized and rubbed down, take Prussian blue, verditer, and spruce 
ochre. GiTnd them separately in wafer, tuij^ntine, or oil, according 
to the wQik, and mix t^cm in such proportions as will produce the 
colour desired. Then grind Dutch metal in a part of this composi- 
tion : laying |t with judgment on th^ prominent parts of the hgnre, 
which produces a grand effect. ^ ^ 

To Brown Gun Barre/r.— After the barrel is finished rub it over 
with aquafortis, or 8plrit4>f salt, diluted fl ith water. Then lay it 
by for a weuk> tiU a complete coat of oil is forlmed. A little oil is 
then to bo appUed, and alter rubbing the surface dry, pplisfa it with 
a hard brush and a little bees* ignyu 


/Tb mtdi.ff'bile Copal Parniskr—^litf 1.— jWb?te ostMe of head, ternn, 
jS^iMsh white, white c^y. ffbch(of these substances as are preferred 
ought to be ^refuUy^dried. Cerate ahd td^s obstinately fetatn a 
great deal ofhotnid4y, winch would opjttfe* their anfhesioh to drying 
ell or varaii^c ^be ceD^eojb crumbles abnder the Angers, and 
d^not afsnme' a body. ^ 

, Ko,B.t-Oo 16 ounces of ms^lted^b^, poUr 4; 6, or 8 ounces of 
linseed oil, boiled and quite free from grease. * When trail mixed by 
repeated stirrings, and after they are pretty cool, 'pour in 16 ounces 
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of tho efseiiQi^ of Yemoe tuTpentiBe^ the Famish tbroogfi # 
doth. Amb^ varnish is made the suae way. 

Lamfhbladiv jfpde of tomt vine twigs, and hl^ of peach- 
stones. Tba.lanp-blacfcmBst b{%arefoi|y washed* Sid afterwards 
dried. Wasnisw oarries off agreat many of its imporitiojk 
ydfoiF.— Yellow oxide ofmd of JMaples and Montpellier, hotore* 
dnced to imDaljMjble powder. These yellows ase bprt by the cos^tac^ 

of iron ana stm j \a mixing them np, therefore, a bom spatula 
witKa glass mortar and pes*Ue mnst be employed. 

' Gum guttflB, ydh>w odim, or Dutch pick, according <d Ibe nato^ 
and tone of the toolonrlo ba imitalad. 

J3/tfe.^*-*lndigo, prossiate of iron, (PTossiaa blue) bfam verditer, 
and ultra-marine. All these.substances must be very much divided* 
Grfm.-*-Verdigri8, crystallised verdigris, compound green, (a mix- 
tom of yellow and blue.) The fiiet two require a mixture of white 

in proper proportions, a fourth to two-thuds, according to the 

tint intended to be givesa The white used for this purpose is ceruse, 
or the white oxide of lead, or S|taolsh white, which is less solid, or 
white of Mondon. ^ 

jtsd^Red solpharated oxide of ssercury, (cinnabar vermilion.) 
^ied oxide of lead (iniaiuoi,) different re<j[ ochres, »qr Prjusslan 
reds, ftc. ^ " 

/’umfo.-— Cochineal, carmino.^and carminated lakes, with oerust 
and boiled oil > 

firicil iffd.-— Dragon’s Mopd. * 

Ckamou Co/oar.-— Dragon’s bfood with a pastp«j^mpesed of 
flowers of zinc, or, what is stiH better, a little red veftdDion. 

Red sulphurated oxide of qipmnry, mixed witfi lamp-black, 
washed very dry, or witlf the black of burnt viue-twigs ^and to ren- 
der it mellovsip,* a proper mixture of red* bfoe, and wbn 
Peari Grey White and blach i wbUe aniLLblps | m example* 
icerose and lamp-black j dbrose and indig<|^ ^ 

Flaxen Grey.— Clerose, which foims Jne ground of the paste, 
mixed witl^ small quantity of Cologne^ffsrtb, se moeh J^ogliim md, 
or oarmlnmd lake, wbidi is s^urable, and a parBcle ol 
pmaslate^if iron, (Prussian blue.) ^ 

To mnke Famekee for Pioltne^ iie^Ti^ng^n iff recfifled apl-'' 
rit of wine, add six ounces of gum saudaiatb mree onncds o| ffOm 
mastioh, and half a pfot of tqjgjwiiSifoe varnish, ft^ut the whom into 
a tin can, which keep in a warn plscet ftequiqntly shaking it, for 
twelve days, until itje diiyo^^f Tben^s^am, and keep it for use. 

^ T 04 isspivo.J&m^ Assart, fimemfuSipM- 


11^ , Mifdl.! 

tliMghV,. ^ -Me &e 4il!LPto ^ 

Bomned, ImV mnwrUfUDA, — 
d^id, tMk Nmi til, 

te^ end or a monlS first rolfl^ it o- itsdf, aii|^ 
sionntiiig spirdly slon, the c;^>iider, taking cue to uy over 
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compress wit^ the hand every edge, one against the otber^ so that 
tlfeiH lhay not be any vacant apace> and that aM the e^s may join 
exi^ly j the i^hole is then to be bonnd hard with a tape of an inch 




— — — » ■■ mm .VMW T VTC^M SJHU V« 

CB^tcftMitS. Ovet* the tepe paHUhiMd to to be applied, in 
anch « manoer that, every tare of the thread jtdniiig aaothe^ an 
eqdal pfesanre to given to every part. It to then left to dry, and the 
tnbeto made.' In removiee the iMndage. gieatcaien^ be takn 
that WOPe of !ihe ootwaid AHhee, ivhiw aMy have wlthto the 
ittteratioes of the tape, (of which the eaonfduwe tnlea ^ exact 
predaion,) ntoy be polled asunder. *ff it be fbnd difleolt to withdraw * 
the mould, it may be plunged into bdt water; If the moiddwere pre* 
vio'o^V smoked or robbed with cb^, it might bo removed with leas 
difficulty. Polished metdIHe cyMsdera are the nioat eligible moolds 
for this purpose. As solvents, eito cf turpentine and tovender may 
be employed, but both arettiaib sibwer of evaporating than ethor, and 
the oil of fnnieutiae, perticulady, nppeard'lkltfnys to have a kind of 
stilsltiheBa. ' Ivevetthweaa, there to n eolvedb which has not dint 
iocontoiieiioe, to eheaper, «nd may easily be procmed by every one, 
viz. water. Proceed in the same manner as with ether. The 
caodtdioiic to eufficieufly prepared for ese when it haa been a qoaiter 
of an hour in-ixdifalg watet: by tldatime its edgba am sometiiriea 
transparent. IMs to be tnmed apirally round the mould, and re* 
ptonged l^e^nsAdy into the boiling during the tinke employ 
tn forming the^tuK. When the iT bound with padc>thread, it 
to to beltept sohinfaours in boDloe water, after which it is tobe dried, 
atill keeflidg.M.1fie biiidui|f. Tm metbod’may be aaceessftilly em- 
ployed, in forqtjlgtbe lafger sort df tdbea, and to any other instm* 
mente, btif it.iVMd be ImpTeettoaUe (o make the aaafl tabes in this 
way. ’ Yi ’'A* ' “ 

Oil of laudiHer, tif ,finpdDdtie, MudlPtopikeourd, dinolvo etoatie 
gmn, wldi tW aaeton)^ of a'l^tto beat ^^t h mixtare of volatile 
oil and alcobiA forma a h||lter aolvent ftw'Mt tlum oil alone, and tii* ' 
varnish dries 'sooner. If Dolled in n sdutioo of atom in vVatar, it to 
rendoed softa'‘thlm to wktoUittoito. VhUoW wax, to n st^ of ebnl* 
Iftioo, tony be satunted tritn itl by potting it, cut in soUlideoes, 
gradnelly into it. By this meansTa ]^ble varnish to firnned, vrhidi 
may be 'applied Hh dew frith a brnShi btat It still letaduh a clam m ia ei s. 
To mute (kmitekm&^driAth. 

' ‘ Id ozi’bfeadutiiffiealifOi’elBiitieresui, 

' Id boded 

Id ok. of esMaiM of tuifitfdee. 
the eapuldibdc into fhm aUpa, itoa put them into n matra e e 
ptolkid mnvefy'hotaud^lNdli., ‘Wbep Ue'<tiultett' to lign^, add 
tM'^ihaeed fdi id n rate'tf 'eihdlBBw, tMthed'^eseebce wtmA. 
When the vetblshhtolbttnffifesepidt-ofiU'heat, sthdi it 
■r& dfliuefe. ^ piMm toto h wMe-meiifhed botoh. Thin 
vimtol dries Very a niA wU^^i btoiv to tbepeoeltor an- 

tpi^lhecMu^otid ^ ' ^ * 
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The inTeotion of air baHoona led to, the idea of applying qc^oiit- 
cliouc to the compoiitioii of yarnisli. It was qeceasaiy to Ija^e a 
yarnUh which ahould unite great ^iah^ity dad coD9i8teoce. No var-> 
pish seemed oapab)e o^rrespopdiog these yiqys^ except that of 
caoutchouc^ but the dem^tion^pt it is exceedingly tedious, 

7 h VuAf VaarnUh far S%lk§^ Tp one qi^art of cold-qrawn Jin- 
seed oil> poured off from the lees« (piwaced^^on the addition of nii- 
slacked Hme^,^n which the oil has atoodeighi; or ten days at the 
leasts in orders OQunmunlcate a drying quality > — or brown umber, 
bmm^ and pawds|b^> which will have the like effect,) and half an 
ounce of litharge^; bojji them for half an hour, then addAalf an ounce 
of the copal varnish. While the ingrmepts are on the 6re, in a 
copper yesseU pnt in one ounce or chios turpentine, or common 
resin, and a few drops of neatsfoot oil, apd stir the whole with a 
knife i when cool, it is ready for use. The neatsfoot oil prevents 
the varmsh from being sticky qr adhesive^ and may be nut into the 
Jinseed oil at f Im same time with the lime, or bornt umber. Resin 
or chips turpentine may be added, tiU the varpish haa attained the 
desired thioLiiesa, 


umber, the sooner will the oU dry after it is nsed ; if some months, 
so mu^ the better : such varnish will set, that is to say, not ran, but 
keep its place on the silk in four nours i the uilk m^y then be" turned, 
and vanned op the other side* 

To amka plwbU Varnishrfm Take any quantity of 

eaputchpoc, af ten or twelve ounces^ cut into small hits with a pair of 
ichispnSff and put a strong iron Ipdlo, (such as tharln which painters, 
pbMnberc^ or glaziers melt their lead) oyer a common »ptt-coal or other 


fire , wludi mnst be gentle, glowlog» and without sm^me* When the la- 
dle is hdt, put II sin^etbit^mto it . if black smoke issues, it will pre- 
sently dame and disappeai^^or it will evaporate withc&t fiame : the 
ladle is then t^oo hot* the ladle is less pot, put itih second bit, 

which will prodluce a ^Ipte smoke ; thU smoke wlA continue 
qiuring the cperatiouji and evaporate tnW caoutchouc 5 ^therefore no 
time is to be Xostf, but little Ints are to^ pdt in, a fpw at a time, till 
the pdiyligwe melted j it S^pld ,be,cd|mnu4lly Wnd deiitb^ litirred a {tb 
ap Iron ojr bi'^nss spoon. The instani the suiokf cb^snges from white 
to hlach^ take.pff the ladlq, ,95 the whole wiUbfeak out Ihto a violent 
flame, or be spoiled, or lost. Care must l$a^k^* that no water be 
added, a few ^xpj» np|y of which vroold,^n accoAut of its expansi- 
bility, make It boil Oyev 1 great noise ; at this period 

of the process^ ^ 4?^'^ Oflhe fesi drying oit is to be put 

ihtq^the mcltA Caowh^c. stirtcd tlU hot, and ^ whole pouted 

1,- J . A-i' 


varnish poured 
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is perhaps best, always to lay it on when cold. Tlie art of laying it 
on properly, consists in making no intestine motion in the varoisb, 
winch would create minute babbles, therefore brushes of every hind 
are improper, as dacb bubble breaks iipdrying^ and forms a small hole, 
through which the air wilt traQSfnm* 

This varnish is pliant, unadhesive, and nnalterable by weather. 

Varnish used for Indian Shieids,^Sh\e\ds made at Silhet, in Ben- 
gal, are noted throughout India, for the lustre and durability of the 
black varnish with which they are covered j Silhet flHelds constitute, 
therefore, nojnconsiderable article of traffic, bein jtln reqinest among 
natives whoearry arms, ac^ retain the ancient pnsdileetton for tho 
scimitar and buckler. The varnish is composed of the eicpressed 
juice* of the marking nut, Semecarpuv Anacardium, and that of 
another kindred fruit, Holtgarna Lfmgifoiia. 

The shell of the Semeeaipus Anacardium contains between its 
integuments numerous ceHs, niled with a acrid, resinous julee ; 
which likewise is found, tliongh less Abundantly, in the wood of the 
tree. It is commonly employed as an indelible ink, to mark all sorts 
of cotton cloth. The colour is fixed with quick lime. The cortical 
part of the fruit of Holigama Longifolia likewise contains between 
its laiuinm numerous cells, filled with a black, thick, acrid fluid. 
The natives of Mal.ibay^ extract by incision, with which they varnish 
taraets. 

To prepare the varnish according to the method practised in Silhet, 
the ni|ts of Setnecarpus Anacariium^ and the berries of tlie 
Uoligarna Lon^folia, having been steeped for a month in clear water, 
arc cut transversely, and pressed in a fltiill* The expressed jukre of 
each is kept for several months, taking off the scum from time to 
time. Afterwards the liquor is decanted, |pd two parts of tlie one 
are added to one part of the other, to b^^sed as varnish. Otlurr 
proportions of ingredients are sometimes employed : but in ali the 
resinous juice of ih^^etnocarpus predomb^es. The varnish is laid 
on like paint, and when dfy# Is polished by rabbiag it with an agate, 
or smooth pebble. This vami^ also prevents destruction of weofi, 
&c. by the white ant. « 

To give a drying quality to Poppy Oii, 

3ib. of pure water, 

1 0 Z 4 of siil^te of zinc, (white vitriol), and 

2 lb. of oil m pinks, or poppy oil. 

Exposb this mixture Hi an ea4bea«>^vessel callable of standing the 
fire, to a degree of heat snfficiedt to maintain k in a slight state of 
ebullition. When one half or two-thirds of the water has evaporated, 
poor the whole into a large glass bottle or jar, and leave it at yest 
till the oil becomes dear. Decant the clearost part by mOmis of a 




when the separatfeh. of the ok from the water is coiUfdetely offecthd, 
remove tjie eorir stoepery pnd eii!pply its place by the fore-finger, 
^whleh must be applied in such a mennef aeto suffer the watdr to es- 
eape, and to retain only the oil. 
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Poppy-oil when prepared in this mannei; becomes^ after some 
weeks, exceedingly liinpid and colonrless. 

Tome a drying quality to fat Otle. 
jSfor l*-^ lb. Dnt«oiif or4ln8eed-oil, 

1 02 . white lea4tl(|Bb6v calcined, 

1 02 . yellow acetnieof lead, (salsatoml) also calcined, 
I 02 . sulphate of zinc, (white vitriol,) 

12 02 . vitreous oxide cff lead, (litharge) and 
a head of garlic, or a small onion. , 

When the dry distances are pulverized, mix them wfth the gailic 
and oil, over a fire capable of maintainii^he oil in a sl^ht state of 
ebullilion : continue it till the oil ceasePto throw up scum, till it 
assumes a reddish colour, and till the head ^ garlic Dromes brown. 
A pellicle will^ then be soon formed on the oil, which indicates that 
the operation is completed - Take the vessel from the fire, and the 
pellicle, being precipitated by rest, will carry with it all the unctuous 
parts which rendered the oil fat. When the oil becomes dear, sepa- 
rate it from the deposit, and put it into wide-mouthed bottles, where 
it will completely clarify itself in time, and improve in quality. 

No. 2.— 1§ 02 . of vitreous oxide of lead, (litharge) 

I 02 * sulphate of ainc, (white vitriol) and 
16 02 . linseed, or nut-oil. 

The operation must be conducted as in the preceding case 

The choice of the oil is not a matter of indifference. If it be des- 
tined for painting articles exposed to the impresston of the external 
dr, or for ddicate painting, nut-oil or poppy-oil win be requisite. 
Linseed oil is used for coarse punting^ and that sheltered from the 
effects of the rain and of the sun. 

A little negligence in the management of the lire, has often an in- 
fluence on the colour of^the oil, to which a d^^ing quality is com- 
municated ; in this case it is not proper for delate painting This 
inconvenience may be avoided by tying up the drying matters in a 
small bag ; but thedose^ the hthaige must then be doubQ. The 
ba^ must be auspended by a piece of packthread fastened to a stick, 
which is ^de to rest on the edge ^ theg.ssel ii^ such a manner 
as to keeppm bag at the distance of an inch from the bottom of the 
vessel. A pellicle will be formed as in the ^st operatiop, but it will 
be slower in making its impearance. \ 

^ No. 3.^A drying qudity may be communicated to oil by treating, 
in a heat capable of mwataining a ^bt ebidlftion, liinseed, or nut on, 
to each pound of which is aodea 3 oi^ of vitreous oxido of lead, 
(Ulbrngc) reduced to flue pouf^er. 

The prepararion of flopr^lptbs, and all paintings od* lerge 
^ omweuts# in which anol^wous colours, such, os yplk(W a, 

L arMiuployed, require tWs j^nd of preparatioo, 

dwcation may not, be slow } but painting for wl^ 
oxides are used, ^ucb as prepararimsi of lead, copper^, Ac. 
itpvbe culy the iiatm Wore i^icated, bacansu these oxjidlep qqptaia 
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a greatf deal of oxygen* an<l the oil, by their contact^ acqulit^a tnoro 
of a drying quality. 

No. 4.-2 lbs. of nut*oit, 

3 lbs. of ^mmon ^ater, ana 

2 oz. of stdfilmte of zinc, (white ntriol). 

Mix these matters, and subject them to a slight ebullition, till 
tittle water remains Decant the oil, which uill pa^^s o\er nith i 
small quantity of water, and separate the latter by means <it a lunnef 
The oil remains nebnlons^fbr sometime, after which it Oeroiii**i 
clear, and eecins to be \erv little colonred ^ 

No 5.«-6 w. of nnt-oil, or llhseed-oil, 

4 lbs. of common water, 

1 oz. of sulphate of zinc, and 

1 head of ^rlic. 

Mix these matters in a large iron or copper pan i then place 
them over the fire, and maintain the mixture in a state of ehuliition 
during the whole day : boiling water must from time to time be added 
to make up for the loss of that by evaporation. The garlic will as* 
sume a brown appearance. Take the pan from the fire, and having 
suffered a deposit to be formed, decant the oil, which will clarify it- 
self in the vessels. By this process the drying oil is rendered some- 
what more coloured : it is reserved for delicate colours. 

Resinous Drying Of/.— Take 10 lbs. of drying nut oil, if the paint 
is destined for external, or 10 lbs of drying linseed ofl, if for intemai 
articles. 

3 lbs. of resin, and 
6 oz. of turpentine 

Cause the resin to dissolve the oil by means oi a gentle heat. 
When dissolved and incorporated with the^pil, add the turpentine 
leave the varnish at rest, by which means it will often deposit por- 
tions of resin and other impurities; and then preser\e it in wide- 
mouthed bottles. It must be used fresh ; when suffered to grow ‘old 
it abandons some of its resin. If this resHtous oil assumes too much 
consistence, dilute it with a little essence, if intended for articles 
sheltered from the snn^dr wkh oil of poppies. ^ 

In Switzerland, where the principal part of the mssoirsf work con- 
sists of stones subject to crumble to pieces, it is often found neces- 
sary to give them a QOatmg^ of oil paint, to ‘Stop the effects of this 
decomposition. This painting has a great deal of lustre, and when 
the last coating is applied with resfnoos oil, it has the effect of a var- 
nish. To give it^more dnrability, the first ought to be applied ex- 
ceedingly warm and with plain oil, or oil very little charged, with the 
grey colour, which Is added to the two following. — 

Fat Cispal Varnisk,^ „‘>t 

M c^. of picked copal, 

8 oz. of prepared linseed oil, or oil of poppies, and 
' 1 6 on. of esMnee of turpentine. 

Idljoefy the copsi in a nrntmlis over a common fire, and then add 
the linseed oil, or oil of poppies, in a state of ebullition ; when these 
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matters are incorporated, take the matrass from tho fire, stir the mat- 
ter till the greatest heat is subsided, and then add the essence of 
turpentine warm. Strain the whole, while still warm, through a 
piece of linen, and put the var rijghj nto a wide-mouthed bottle. Time 
contributes towards its'blarihcaflp ; and in this manner it acquires 
a better quality. 

Vdinuhfor WtUch-Ctises, in imitation of TortoisMfiell, 

6 oz. of copal of an amber colour, 
oz. Venice turpentine, 

24 oz. prepared linseed oil, and 
6 oz. essence of turpentipe. 

It is customary to place the turpentine over the copal, reduced to 
small fragments, in the bottom of an earthen or metal vcss.l, or in a 
matrass exposed to such a heat as to liquefy the copal : but it is more 
advantageous to liquefy the Litter alone, to add the oil in a state of 
ebullition, then the turpentine liquefied, and in the last place, the 
essence. If the varnish is too thick, some essence may be added. 
The latter liquor is a regulator for the consistence in the hands of an 
artist. 

7b make a Colourless Copal Varnishr^ks all copal is not fit for this 
purpose, in order* to ascertain such pieces as are good, each must he 
taken separately, and a single drop of pure essential oil of rosemary, 
not altered by keeping/ must be let fall on it. Those pieces which 
soften at the part that imbibes the oil, arc good ; reduce them to 
powder, which sift through a very fine hair-sieve, and put it into a 
glass, on the bottom of which it mast not lie more than a fingeib 
breadth thick. Pour upon it essence of rosemary to a similar height ; 
stir the whole for a few minutes, when the copal will dissolve into a 
viscous ftuid. Let it stand for two hours, ai^ then pour gently on 
it two or three drops of very pure alcohol, which distribute over the 
oily mass, by inclining the bottle in different directions with a very 
gentle motion. Repeat this operation by little and Jittle, tilhihe in« 
corimration is effected, and the varnish reduced ton proper degree of 
fluidity. It must then be left to stand a few days, anci, when very 
clear, be decanted off. This varnish, thns made without beat, may 
be applied ^th equal success, to paste^ard, wood, and metals, and 
takes a better polish than any other, it may be used on paintings, 
the beauty of which it greatly beightensb 
Gold^eoleured Copal Varnish,' 

1 ez. Copal in powder, . 

2 oz. essentia) oil of lavender, and 

6 oz. essence of turpentine. 

Put the essential oil of lavender into a matrass of a jmopersiae, 
placed on a sand-bath heated by au Argaud's lamp, or over a mo- 
derate oOaLfore. Add to tlie oil while very warm, and at several 
times, copal powder, and stir the mixture with a stick of white 
woo^ rounded at the end. When the copal has entirely disappeared, 
aM nt three different times the essence almostin a state of ebmH$tkio, 
and hast^eoDtlDuiittyetirrtiig the mixture. When the solution ie 
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ooiApIctcdy the result will be a varnish of a gold colour^ exceodioE- 
ly durable and brilliant^ but less drying than the preceding. 

No. 2. To obtain this varnish colourless, it will be proper to recti- 
fy the essence of the shops, ^hick^ often highly coloured, and to 
give it the necessary density by txpKre to the sun in bottles closed 
with cork stoppers, leaving an interval of some inches between the 
stopper and the surface of the liquid. A few months are thus suffi- 
cient to communicate to it the required qualities. Besides, the es- 
sence of the shops is rarely possessed of that state of consistence, 
without having at the same time a strong amber colour. 

The varnish resulting from the solution of copal in oil of turpentine, 
broup;ht to such a state as to produce the maximum of solotion, is ex- 
ceedingly durable and brilliant. It resists the shock of hard bodies 
much better than the enamel of toys, wlpch often becomes scratched 
and whitened by the impression of repeated friction ; it is applied 
with the greatest success to philosophical instruments, and the paint- 
ings with which vessels and other utensils of metal arc decorated. 

No. 3.-4 oz. copal, and 

1 oz. clear turpentine. 

Put the copal, coarsely pulverized, into a varnish pot, and give it 
the form of a pyramid, which must be covered with turpentine. Shut 
the vessel closely, and placing it over a gentle hre, increase the heat 
gradually that it may not attack the copal ; as soon as the matter is 
well liquehed, pour it upon a plate of copper, and when it has re- 
sumed its consistence reduce it to powder. 

Put half an ounce of this powder into a matrass with four ounces of 
the essence of turpentine, and stir the mixture till the solid matter is 
entirely dissolved. ♦ 

Camphorated Copal Tliis varnish is destined for articles 

which require durabilitjj^, pliableness, and transparency, such as the 
varnished wire-gauze, used in ships instead of glass. 

2 oz. of pulverized copal, 

6 oz. of essential oil of lavender, 

T of an oz. of camphor, and 
essence of turpentine, a sufficient quautity, ac- 
^ cording to the consistence required to be given 
to the varnish. 

Put into a phial of thin glass, or Into a small matrass, the essen* 
tial oil of lavender and the camphor, and place the mixture on a 
moderately open fire, to bring the oil and the camphor to a slight state 
ofebullitioii; then add the copal powder in small portions, which 
must be renewed as they disappear in the liquid. Favour the solu- 
tion, by continually stirring it with a stick of white wood \ and i^hea 
the copal Is Incorporated with the oil, add^he essence of turpentine 
boiling : bnt care must be taken to pour in, at first, only a small 
portion. 

This varnish is little Coloured, and by rest it acquires a transpa- 
rency 'which, united to the solidity observed ia almost every kind of 
copal varnishes, renders it fit to oe applied with [great success in 

3 B 2 
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many cases^ and particularly in the ingenious invention of substi- 
tuting varnished metallic gause in the room of Muscovy talc, a kind 
of mica, in large laminm, used for the cabin windows of ships, as 
presenting more resi(<fhnce to the concussion of tlie air during the 
bring of the guns. Varnished metallic gauze, of this kind, is ma- 
nufactured at Rouen. 

Ethereal Copal Varnuh.^^ oz. of amberry copa>, and 
2 oz. of ether. 

Reduce the copal to a very fine powder, and introduce it by small 
portions into the flask which contains the ether ; close the flask with 
a glass or cork stopper, and having shaken the mixture for half an 
hour, leave it at rest till the next morning. In shaking the flask, if 
the sides become covered with small undulations and if the liquor be 
not exceedingly clear, the scdiition is not complete. In this case, add 
a little ether, and leave the mixture at rest. *'he \ arnish is of a 
light lemon colour. The largest quantity of copal united to etlier 
may be a fourth, and the least a fifth. The use of copal varnish made 
with ether seems, by the expense attending it, to be confined to le- 
pairing those accidents which frequently happen to the enamel of 
toys, as it will supply the place of glass to the coloured varnishes 
employed for mending fractures, or to restoring the smooth surface 
of paj 11 tings which have been cracked and shattered. 

The great volatility of ether, and in particular its high price, do 
not allow the application of this varnish to be recommended, but for 
the purpose here indicated. It has been applied to wood with com- 
plete sucx'css, and the glazing it produced, united lustre to solidity. 
In conseqnence of the too speedy evapoijjftion of the liquid, it often 
boils under the brush. Its evaporation, however, may be retarded, 
by spreading over the wood H slight stratum of essential oil of rose- 
mary, or lavender, or even of turpentine, which may afterwaids be 
removed by a piece of linen rag ; what remains is sufficient to letard 
the evaporation of the ether. 

Turpentine Copal Farnisk, 

U oz, of copal, of an amber colour, and in powder, and 
8 oz. of be^t oil of turpentine. • 

Ex]K>se the essence to a balneum marisB, in a wide-mouthed matrass 
with a abort neck j as soon as the water of the bath begins to boil, 
thiow ihto the essence a large pinch of copal powder, and keep the 
matrass in a state of circular motion. When the powder is incor- 
porated with the easence, add new doses of it ; and continue in this 
manner till you observe that there is formed an insoluble deposit. 
Theii take tbie matrass from the bath, and leave it at rest for some 
days. Draw off the clear^varnish, and filter it through cotton. 

At the moment when tl^e first portion of the copal is thrown into 
the>esaaDee, if the powder precipitate itself under the form of lumps, 
it is needless to proceed any further. This effect arises from two 
causes : either the essence does not possess the proper d^gzee of 
concentration, or it has not been sufficiently deprived of water. 
Exposure to the sun, employing the same matrass, to which a cork 
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stop^r ought to be added, will give it the qualities requisite for the 
solution of the copal. This eflVct will he ao non need by the disap- 
pearance of Ihe portion of copal already put iuro it. 

Another Copal Vdrnuh, 

3 oz of copal> liqitefied; and 
20 oz. of essence of tuipentine. 

Place the matrass containing the oil in a baliienoi marise and uhen 
the water boils add the pulverized copal in small doses. Keep stir- 
ring the mixture, and add no more copal till the former be incorpo- 
rated with the oil. If the oil, in consequence of its particular dispo- 
sition, can take up 3 ounces of it, add a little mote ; but stop, if the 
liquid becomes nebulous, then leave the varnish at rest. If it be too 
thick, dilute it with a little warm essence, after having heated it in 
' the balneum marise. When cold, filter it through cotton, and pre- 
ser\e it in a clean bottle. ‘ 

This varnish has a good consistence, and is as free from colour as 
tl)p best alcoholic varnish. When extended in one stratum over 
smooth wood, which has undergone no preparation, it forms a very 
brilliant glazing, which, in the course of two days, in summer, ac- 
quires all the solidity that may be required. 

The facility which attends the pieparation of this varnish by the 
new method here indicated, will a<)mit of its being applied to all 
coloured grounds which require solidity, pure whites alone ^cepted ; 
painted boxes, therefore, and all small articles, coloured or not 
coloured, whenever it is required to make the veins appear in all the 
richness of their tones, call for the application of this varnish, which 
produces the most beautiful effect, and which is more durable than 
turpentine varnishes compq^ed with other resinous substances. 

Fat Amber Famish. 

15 oz. of amber, coarsely powdered, 

• 2 oz. of Venice turpentine, or gum lac, 

10 oz. of prepared linseed oil, and 

16 oz, of essence of tirtrpeDtine.- 

The circumstances of the process are the same as those pi escribed 
for the preparation of the camphorated copal vninish. 

This varnish was formerly much used ; but it h^s given place, in 
pa^t, to that of copal, w Inch is preferred on sccoi.nt of its being less 
coloured. Watio introduces more essence and Je^s linseed oil ; 
experience and long 'practice are the only authority on which I recom* 
mend the adoption of the present foi mula. 

Amber Varnish with E^semc of Turpentine. 

6 or 7 oz. of liquefied am tier, and separated from 
the oily portions which alter its consistence. 
Reduce the amber to powder, uud if the opet alien of pounding forms 
it into a paste, break it with your fingers : then mix it with the 
ebsence, and heat the whole in s balneum mariae. It will speedily 
dissolve, and tim essence will take up, at the least, a fourth part of 
Its weight of the prepared amber. 

When one coating of it is applied to white smooth wood, but 
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without any preparation, it forms a very pure and very durable 
glazing, which speedily drles^ but slower than copal varnish. 

Fai Amber, or Copal PVrnish., 

^ 4 oz. pf amber or copal of one fusion, 

10 oz. of essence of t^irpentine, and 
1 0 oz. of drying linseed oil. 

Pot the whole into a pretty large matrass, and expose it to the 
heat of a balneum mariae, or movent over the surface of an uncovered 
chafBng-dibh, but without flame, and at the distance from it of two 
or three inches. When the solution is completed, add still a little 
copal or amber to saturate the liquid ; then pour the whole on a 
Alter prepared with cotton, and leave it to clarify by rest. If the 
varnish is too thick, add a little warm essence to prevent the separa- 
tion of any of the amber. 

This varnish is coloured, bat far less so than those composed by 
the usual methods. When spread over white wood, without any 
preparation, it forms a solid glazing, and commnnicates a slight tint 
*to the wood. 

If it be required to charge this varnish with more copal, or prepared 
amber, the liquid must be composed of two parts of essence for one 
of oil. 

Compound Mastic Famish. 

^ 32 oz. of pure alcohol, 

6 oz. of purified mastic, 

3 oz. of gum sandarac, 

3 oz. of very clear Vjenice turpentine, and 

4 oz. of glass, coarsely pounded. 

Reduce the mastic and sandarac to flue powder; mix this powder 
with white glass, from which the finest parts have been separated by 
means of a hair sieve 3 put all the ingredients, with alcohq), into a 
short-necked matrass, and adapt to it a stick of white wood, rounded 
at the end, and oL^ length proportioned to the height of the matiass, 
that it may be pwin motion. Expose the matrass in a vessel filled 
with water, made at first a little warm, and which must afterwards 
be maintained in a state of ebullition for one or two hours. The 
tnatrabs may be made fast to a ring of straw. 

When the solution seems to be sufficiently extended, add the tur- 
pentine, i^ich must be kept separately iu a phial or a pot, and which 
must be melted, by immersing it for a moment in a balneum manse. 
The miitrass must be still left in the water for half an hour, at the 
end of which it is taken off 3 and the varnish is contioually stirred 
till it is somewhat cool. Next day it is to be drawn off, and filtered 
through cotton. By these means it will become exceeding^ly limpid. 

The addition of glass Inay appear extraordinary ; but this substance 
divides (he patts of the mixture, which have been made with the dry 
itigrcdients, and it retains the same quality when placed over the fire. 
It therefore obviates with success two inconveniences, which are 
exceedingly tioublesoine to those iVho compose varnishes. In the 
fiMt |date, by dividing the matters, it facilitates the action of the 
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alcohol ; and in the second its weight, which surpasses that of resins, 
prevents these resins from adhering to the bottom of the matrass, and 
also the coloration acquired by the varnish u hen a sand-bath is em- 
pl^ed, as is commonly the*case. * ^ 

The application of this varnish is suited to articles belonging to the 
toilette, such as dressing-box^, cut paper-works, &c. 1'hc following 
possess the same brilliancy and lustre 3 but they have more solidity, 
and are exceedingly drying. 

Camphorated Mastic Varnish for Paintings » 

12 oz. of ina««tic, cleaned and washed, 

I'jp oz. of pure turpentine, 

§ oz. of camphor, 

« 5 oz. of white glass, pounded, and 

36 oz. of ethereons es^^tnee of turpentine. 

Make the varnish according to the method indicated for compound 
mastic varnish of the first genus. The camphor is employed in 
pieees, and the turpentine is added when the solution of the resin is 
completed. But if the varnish is to be applied to old paintings, or* 
paintings which have been already varnished, the ^turpentine may be 
suppressed, as this ingredient is here recommended only in cases of a 
first application to new paintings, and jlist freed from white of egg 
varnish. 

The etherous essence recommended for varnish, is that distilled 
slowly, without any intermediate substance, according to the second 
process already given for its rectification. 

The question by able masters, respecting the kind of varnish pro- 
per to be employed for paintings, bus never yet been determined. 

Some artists, who have paid paiticular attention to this object, 
make a mystery of the means they employ to obtain the desired effect. 
The real end may be accomplished by giving to the varnish, destined 
for painting, pliability and softness, without being too solicitous in 
regard to what may add to its consistence or its sol^ity. The latter 
qi^ity is particularly requisite in varnishes whiclMire to be applied 
to articles much exposed to friction, such as boxes, furniture, &c. 

To make Painier*s Cre(im.-f-Painters, who have long intervals be- 
tween their periods of labour, are accustomed to cover the parts they 
Lave painted with a preparation which preserves the freshness of the 
coloore, and which they can remove when they resume their work. 
This preparation is as iollows ; 

3 oz. very clear nut oil, 

A- oz. mastic in tears, pulverized, and 
^ oz. sal Batumi, in powder, '(acetate of lead.) 

Dissolve the mastic oil over a gentle fire, and pour the mixture into 
a marble mortar, over the pounded salt of lead 3 stir it with a wooden 
pestle, and add water in small quantities, till the matter assume the 
appearance and consistence of cream, and refuse to admit more water, 

Sandarac Varnish. 

8 Qz« gum sandarac. 
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? oz. |u>niided inastir, 

4 oz. clear turpentine, 

4 oz. pounded giaias^ and 
, 32 oz, alcohol, * “ 

Mix, and dissolve as before. 

Compound Sandarac f^arnish. 

3 oz. pounded copal of an amber colour, once liquefied, 

6 02 . gum sandarac, 

3 oz. mastic, cleaned, 

21 oz. clear turpentine, « 

4 oz. pounded glass, and 
32 oz. pure alcohol. 

Mix these iiigrcdient8> and pursue the same method as above. 

This varnish is destined for articles subject to friction, such as 
furniture, chairs, fan-sticks, mouldings, &c. and even metals, to which 
it may be applied with success. The sandarac gives it great durability. 

Camphorated Sandarac Famish /or cut Paper Works, Dressing 
Boxes, fic. 

Xo. 1.— '6 oz. gum sandarac, 

4 oz. gain elemi, 

I oz. gum^anima, 

1 oz. camphor, 

4 oz. pounded glass, and 
32 oz. pure alcohol. 

Make the varnish according to the directions already given. The 
soft resins must be pounded with the dry bodies. I'he camphor is 
to be added in pieces. 

No 2. — 6 oz. gallipot, or white incense, 

2 oz. gum animi, 

2 oz. gum elemi, 

4 oz. pounded ^ass, and 
J^2 oz. alcohol. 

Make the varnish with the precautions indicated foj^the compound 
mastic varnish. 

The two last varnishes are to be used for ceilings and wainscots, 
coloured or not coloured : they may even be employed as a covering 
to parts painted uith strong colours. 

Spirfhtous Sandarac FarnUh for WainscoUing, small Ariieles qf 
Fnraiture, Balustrades, and inside Railing, 

Xo. l.-^G <>z of gum sandarac, 

2 oz. of shell lac, 

4 oz. of colopbonium, or resin, 

•i oz. of white glass powdered, 

1 oz. of clear turpentine, and 
32 oz. of pure alcohol. 

Oissolve the varnish according to the directions given for com* 
pound mastic varnish. 

I'his varnish is sufficiently durable to be applied to articles destined 
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to dail}* and continual use. Varnishes composed with copal ought, 
however, in these cases, to be preferred. 

No. 2 — ^There is another composition which, without forming part 
of the compound varnishes, is empfoved with success for giving a 
polish and lustre to furniture .made of wood : wax forms the buis 
of it. 

Many cabinet-makers are contented with waxing common furniture, 
such as tables, chests of drawers, &c. This covering, by means of 
repeated friction, soon acquires a polish and transparency which re- 
sembles those of varnish. Waxing seems to possess qualities pecu- 
liar to itself i but, like wnish, it Is attended with inconveniences as 
well as advantages. 

Varnish supplies better the part of glazing ; it gives a lustre to 
the wood which it covers, and heightens the colours of that destined, 
in particular, for delicate articles. These real and valuable advan- 
tages are counterbalanced by its want of consistence ; it yields too 
easily to the shrinking 4^r swelling of the wood, and rises in scales, 
or slits, on being exposed to the slightest shock. These accidents can 
be repaired only by new strata of varnish, which render application 
to the vamisher necessary, and occasion trouble and expense. 

Waxing stands shocks ; but it does not possess, in the same decree 
as varnish, the property of giving lustre to the bodies on which it is 
applied, and of heightening their tints. The lustre it communicates 
is dull, but this inconvenience is compensated by the facility with 
which any accident that may have altered its polish can be repaired, 
by rubbing it with a piece of fine cork. There are some circum- 
stances, therefore, under which the application of wax ought to be 
preferred to that of varnish. This seems to be the case in particular 
with tables of walnut-tree wood, exposed to daily use, chairs, mould- 
ings, and for all small articles subject to constant employment. 

Dut as it is of importance to make the stratum of wax as thin as 
possible in order that the veins of the wood may b^ more Apparent, 
the following ^ocess will be acceptable to the reader. 

Melt over a moderate fire, in a very clean vessel, two ounces of 
white or yellow wax ; and, when liquefied, add four ounces of 
good essence of turpentine. Stir the whole until it is entirely cool, 
and the result will be a kind of pomade fit for it^axing furnitnre, and 
which must be rubbed over *them ap:ording to the usual piethod. 
The essence of turpentine is soon dissipated ; but the wax, tfhich by 
its mixture is reduced to a state of very great division, may be ex- 
tended with more ease, and in a more uniform manner. The es- 
sence soon penetrates the pores of the wood, calls forth the colour of 
it, causes the wax to adhere better, and the ^lustre which thence re- 
sults is equal to that of varnish, without having any of its incon- 
veniences. 

Coloured Varnish for Violins^ and other stringed Instruments, also 
for Plum-tree, Mahogany, and Rose^wood. . 

4fOz, gum sandarac, 

2 os. seed lac. 
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' 1 oz. mastic^ 

1 oz. BeojaniD in tcarff 

4 oz. pounded glass, 

2 oz. Venice tur|)enCine, and 
32 oz. pure alcohol. 

The gum sandarac and lac render this varnish dural 'ct : it may be 
colbured with a little saffron or dragon’s blood. 

Fai Varnish of a gold colour. 

8 oz. ambei*, 

2 oz. gum lac, 

8 oz. drying linseed oll,*aDd 

1 5 oz. essence of turpentine. 

Dissolve sepi^rately the gum lac, and then add the amber, prepar- 
ed and pulverized, with the linseed oil and essence very warm. When 
the whole has lost part of its heat, mix in relative proportions, tinc- 
tures of annatto, of terra mcrita, gtrm guttm, and dragon's blood. 
This varnish, when applied to white metals^^ives them a gold colour. 

Fat Turpentine dl* Golden Varnish, being a mordant to gold and 
dark colours, ^ ^ ‘ 

16 oz. boiled Ihilseed oil, 

8 oz. Venice' turpentine, and 

5 oz. Naples yellow. 

Heat the oil with the turpentine \ and mix the Naples yellow pul- 
verized. 

Naples yellow is an oxide of lead, the composition of which will 
be given when we come tp treat of colouring substances. It is sub- 
stituted here for resins, on account of its drying qualities, and in par- 
ticular of its colour, which resembles that of gold 3 great use is 
made of the varnish in applying gold leaf. 

The yellow, however, may be omitted when this species of varnish 
is to be sol'd and coloured Covetings. In'^this case an ounce of li- 
tharge to each pound of couipdsitiOn may be substituted in its stead, 
without this mixture doing any injury to the colour^vhieh is to con- 
stitute the groumi, (la teinte durej 

Turners* Varnish for Box IVood. 

5 o/. seed lac, 

, 2 oz gum sandarpe, 

1 ^ oz. gum elemi, 

2 oz. VCnfoe turpentine, 

5 oz. pounded glass, and 
24 oz. pure alcdhol. 

The artists of St. Claude do not all employ this formula, which 
required to be corrected on account of its too great dryness, which 
is here lessened by the turpentine and gum elemi. This composition 
is secured from cracking, which disfigures these boxes after they had 
been used for some months. 

No. 2 .— pther tnrhers employ the gum lac united to a little elemi 
and turpentine digested some months in purfT alcohol exposed to the 
son. If this method bo followed, it will be proper to substitute for 
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the sandarac^ the same quantity of gum lac reduced to powder^ and 
not to add the turpentine to the aloohol^ which ought to be exceed- 
ingly pare> till towards the end of (he infusion. 

Solar infusion requires care and attention. Vessels of a sufficient 
size to allow the spirituous vapours to circulate freely ought to be 
employed, because it is necessary that the vessels should be closely 
shut. Without this preoantion the spirits would become weakened, 
and abandon the resin which they laid hold of during the first days 
of exposure. This perfect obituratiou will not admit of the vessels 
being too full. 

In general, the tarnishes appUed to artioles which may be put into 
the lathe acquire a great deal of brilliancy by polishing $ a piece of 
woollen cloth is sufficient for the operation. If turpentine predomi- 
nates too much in these compositions the polish does not retain its 
lustre, because the heat of the hands is capable of softening the sur- 
face of the vaniibh, and in this state it readily tarnishes. 

To varnish Dressing Boxes.»^The-mcst of spirit of wine varnishes 
are destined for covering preliminary preparations, which have a cer- 
tain degree of lustre. They consist of cement, coloured or not co- 
loured, charged with landscapes and figures cut out in paper, which 
produces tin effect under the transparent varnish : most of the dres- 
sing boxes, and other small articles of the same kind, are covered 
with this particular composition, which, in general, consists of 
three or four coatings of Spanish white pounded in water, and mixed 
up with parchment gloe. The first coating is smoothed with pum- 
III ice-stone, and then polished with a piece of new linen and water. 
The coating in this state is fit to receive the destined colour, after it 
Ims been ground with water, and mixed with parchment glue diluted 
with water. The cut figures with which it is to be embellished, are 
then applied, and a coating of gum, or fish-glue is spread over them, 
to prevent the varnish* from penetrating to the preparation, and from 
spoiling the figures. The operation is finished by applying three or 
four coatings of varnish, which, when dry, are polished with tripoli 
and water, by means of a piece of cloth. A lustre is then given to 
the surface with starch and a bit of doe-skin, or very soft cloth* 

Gallipot Varnish. 

12 oz. gallipot, or white incense, 

5 oz. white glass, pounded, 

2 oz. Venice turpentine, and 
32 oz. essence of turpentine. 

Make the varnish after the white incense has been pounded with glass. 

Some authors recommend mastic or sandarac in the room of galli- 
pot 5 but the varutsh is neither more beautiful nor more durable. 
Wlien the colour is ground with the preceding varnish, and mixed 
Up with the latter, which, if too thick, is thinned with a little es- 
sence, atid which is applied immediately, and without any sizing, to 
4 K>xes and other articles, the coatings acquire sufficient strength to 
resist t)ie blows of a mallet. Bot if the varnish be applied to a sized 
colopt, it most be covered with a varnish of the first or second genus. 
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Mastic Gallipot Vdmishtfar grinding Colours, 

4 oi. new gailipoti or white incense* 

2 oz. mastic* ^ 

A 6 oz. Venice turpentine* 

4 oz. pounded glass* and 
.32 oz. essence of torpenline. 

When the varnish is made with the precautions already indicated* 
add prepared not oil or linseed oil two ounces. 

The matters ground wit(i this varnish dry more slowly j they are 
then mixed up with the following varnish* if it be for common paint- 
ing* or with particular varnishes destined for colours and for grounds 
1 Mordant Varnish for Gilding, 

1 oz. of mastic* 

1 oz. of gum sandarac* 

4 oz« of gom gattse* 

I oz. of turpentine, and 
6 oz. of essence of turpentine. 

Some artists who make use of mordant* substitute for the turpen- 
tine an ounce of the essence of lavender* which renders this com- 
position still lese^rying. 

In general* the composition of mordants admits of modihoations* 
according to the kind of work for which they are destined. The ap- 
plication of them* however* is confined chiefly to gold. When it is 
required to fill up a design with gold leaf on any ground whatever^ the 
composition which is to serve as the means of union between the 
metm and the ground, ought to be neither too thick nor too fluid \ 
because both these circumstances are equally injurious to delicacy iu 
the strokes | it wdll be requisite also that the compobition should not 
dry till the artist has completed his design. 

Other Mordants, No. 1 — Some prepare their mordants with Jew's 
pitch and drying oil diluted with essence of tifrpentiiiq. They employ 
it for gilding pale gold* or for bronzing. 

Other artists imitate the Chinese* and mix wdtb their mordants 
colours proper for assisting the tone which they are desirous of giving 
to the gold* such as yellow* red* &c. ^ 

Others employ merely fat varnish* to which they add a little red 
oxide of lead (ininium) 

Others make use of thick glue* in which they dissolve a little 
honey. This is what they call batture. When they are desirous of 
heightening the colour of the gold* they employ this glue* to which 
the gold leaf adheres exceeding y well. 

No. 2.-— The qualities of the following are fit for every kind of ap- 
plication* and particularly to metals. Exj^se boiled oil tb a strong 
heat in a pan : when a black smoke is disengaged from it* set it 
on fire* and extinguish it a few moments after by putting on tlie 
cover of the pan. Then pour the matter still warm* into a heated 
bottle** and add to it a little essence of turpentine. This mordant 
dries tery speedily ; it has body and adheres to* and strongly retams* 
gmd leaf* wnen applied to wood*' metals* and other substances^ 



APPENDIX. 


749 

Varnish for Volts and coarse ffTtod-woris^^Take an/ quantity of 
Ur, and grind it witb as much Spanish brown as it will bear, without 
rendering it too thick to he used us a paint or varnish, and then 
spread it on the pales, or other wo^, as *8000 as convj^uieot, for it 
quickly hardens hy keeping. 

This mixture must be laid on the wood to be varnished hy a large 
brush, 01 house painter*s tool ; and the work should then be kept as 
free from dust and insects as possible, till the varnish be thoioughly 
dry. It will, if laid on smooth wood, have a very good gloss, and is an 
excellent preservation of it against moisture 5 on which account, as 
well as its being cheaper, it is far preferable to painting, not only for 
pales, but for weather-boarding, and all other kinds of wood-nork 
for grosser purposes. Whore the glossy brown colour is not liked, 
the work may be made of a greyish brown, by mixing a small pro- 
portion of white lead, or whiting and ivory black, with the Spanish 
brown. 

A Black Varnish for Old Straw or Chip Hats, 

4 oz. of best black sealing wax, and 
2 oz. of rectified spirit of wine. 

Powder the sealing-wax, and put it with the wirit of wine, into 
a four-ounce phial ; digest them in a sand heat, or near a fire, till 
the wax is dissolved ; lay it on warm with a fine soft hair-brush, be- 
fore a fire or in the sun. It gives a good stiffness to old straw bats, 
and a beautiful gloss, equal to new, and resists wet. 

To make Varnish for coloured Drawings* 

1 oz. of Canada balsam, and 

2 oz. of spirit of turpentine. — Mix them together. 

Before this composition is applied, the drawing or print should be 

sized with a solution of isiuglass in water; and when dry, apply 
the varnish with a camers-hair brush. 

To make Varnish for Wood, which resists the action of Boiling Water, 
— Take a pound and a half of linseed-oil, and boil it in a red copper 
vessel, not tinned, holding suspended over it, in a small liuen bag, 5 
oz. of litharge, and 3 oz. of pulverized minium ; taking care that the 
bag dofiB not touch the bottom pf the vessel. Continue the ebullition 
until the oil acquires a deep brown colour ; then take away the bag, 
and substitute another in its place, containing a clove of garlic; con- 
tinue the ebullition, and renew the clove of garlic seven or eight 
times, or rather put them all in at once. ^ 

Then throw into the vessel a pound of yellow amber, after having 
melted it in the following manner Add to the pound of amber, 
u ell pulverized, two ounces of liosecd oil, and place the whole on a 
strong fire. ^^Tien the fusion is complete, pour it boiling into the 
prepared linseed-oil, and continue to leave it boiling for two or three 
iniiiutes, stirring the whole up well. It is then left to settle ; the 
ciiinpoHitlon is decantered and preserved, when .it becomes Cold, in 
wcK-eoikod bottles.' 

*Afirr polishing the wood on which this varnish is to be applied, 
give to the wood the colour reqaited ; for instance, for walnut wood, 
a slight coat of a mixture of soot with the essence of turpentine. 
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When tbia tolpor is perfectly drvj give it a coat pf vsmisb with a 
iine 8ponge> ui order to spread it very equal ; repeat these coats 
four times^ taking care always to let the preceding coat be dried. 

To Varnuh pratvvngs and Card^work.—Vkn\ some clear parchment 
cuttings in"* water, in a glazed pipkin, till they produce a very clear 
size. Strain it, and keep it for use. 

Give the work two coats of the size, passing the brush quickly over 
the work, not to disturb the colours. 

To prepare a Compo$ition for making coloured Drawings and 
Prints resemble Paintings in Oil. * 

1 oz. of Canada balsam, and 

2 oz. of spirit of turpentine.-— Mixt together. 

Before this composition is applied, the drawing or print should be 

sized with a solution of isinglass In water, and when dry, apply the 
varnish with a camel-hair brush. 

To Famish Harps and Dulcimers.— Vrepntt the work with' size and 
red ochre, then take ochre, burnt umber, and red lead, well ground, 
and mix up a dark brown colour in turpentine varnish, adding as 
much oil of turpentine that the brush may just be able to pass over 
the work fair and ej^n. While yet wet, take a muslin sieve, and sift 
as much Dutch m^l, previously powdered, upon it, as is requisite 
to produce the effect, after which, varnish and polish It. 

To Varnish Pulverize a quantity of gum adragant, and let 

it dissolve for twenty-four hours in the white of eggs well beat up ; 
then rub it gently on the glass with a brush. 

To Farnhli Balloons. No. 1 .—The compositions for varnishing 
balloons have been variously modified $ but, upon the whole, the 
most approved appears to be the bird-lime varnish of M. Faujas St. 
Fond, wepared after M. Cavallo’s method as follows ; In order to 
render linseed oil drying, boil it with 2 ounces of sugar of lead, and 3 
ounces of litharge, for every pint of oil, till they are dissolved, which 
may be in half an hour. Then put a pound of bird-lim6, and half a 
pint of the drying oil, into an iron or copper vessel, whose capacity 
diould equal about a gallon, and let it boil very gently over a slow 
charcoal fire, till the bird-lime ceases to crackle, which wilL^e in 
about half, or three-quarters, of an hour ; then pour upon it two 
and a half pints more of the drying oil, apd let it bell about an 
hour longer j stirring it frequently with an iron or wooden spatula. 
As the varnish, whilst boiling, and especially when nearly ready, 
swells very much, care should be taken to remove, in those cases, the 
pot firomtoe fire, and to replace it when the varnish subsides ; other- 
wise it will boil a^er- Whilst the stuff is boiling, the operator should 
occasionally examine whether it has boiled enough, which may be 
known by observing whether, when nibbed between two knives, 
which are then to be separated from one another, the varnish forms 
threads between them, as it must then be removed from the fire. 
When nearly cool, add about an equal quantity of oil of turpentine. 
In usiniKtiie varnish^ the stuff must be stretched, and the tamisk ap- 
plied wewann. In 24 hours it will dry*'* 
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No. 2* As the elMtic resins known by tlie name of Indian rubber, 
has been much extolled for a varnish, tlie following method of making 
It. as practised by M. Blanchard, may not proye unacceptable.-- 
Dissolve clastic gum, cut small, in five times its weight of rectified 
essential oil of turpentine, by keeping them some days together : 
then boil 1 ounce of this solution in 8 ounces of drying linseed oil for 
a few minutes ; strain the solution* and use it warm. 

To^ Famish Rarefied Air Balloons regard to the rarefied-air 
machines, M. Cav^lo recommends, first, to soak the cloth in a solu- 
tion of sal-ammoniac and common size, using one pound of each to 
every gallon of water j and when the cloth is quite dry, to paint it 
over on the inside with some earthy colour, and strong size or 
glue. When this paint has dried perfectly, it will then be proper to 
coyer it with oily varnish, which might dry before it could penetrate 
quite through the cloth. Simple drying linseed oil will answer the 
purpose as well as any, provided it be not very fluid. 

To Paint Sail* Clothe 8fo, so as fo he pliant, durable, and impervi^ 
ous to This process, which is entractecl from the Transactions 

of the Society of Arts, is now universaUy practised in the public 
dock-yards. 

The paint usually laid upon canvas hardens to such a^degree as to 
crack, and cventudly to break the canvas, which renders it unsclt- 
yiceable in a short time : but the canvas painted in the new manner 
is so superior, .that all canvas used in the navy is thus prepared 3 and 
a saving of a guinea is made in every one bwAdred square yards of 
canvas so painted. 

The old mode of painting cuuvaa, was to wet the canvas, and 
prime it with Spanish brown 3 then to give it a second coat of a cho- 
colate colour, made by mixing Sifenish brown and black paint : and, 
lastly, to finish it with black. 

The new method is to grind 96 Iba^ of English ochre with boiled 
oil, and to add 16 lbs. of black paint, which mixture forms an indif- 
ferent black. A pound of yellow soap dissolved in six puts of water 
over the fire, is mixed, while hot, with the paint. This compo- 
sition is th^laid ujpon the canvas, (without being wetted, as in the 
usual way,)^a8 stiff as can conveniently be done with the brush, so as 
to form a smooth surface 3 the next day, or still better, on the second 
day, a second coat of ochre and blaok (without any, or but a very 
sinall portion of soap) is laid oe, and tdlowiug this coat an interme* 
diate day for drying, the canvas is then finish^ with black paint as 
usuaL Three days being then allowed for it to dry and harden, it 
does not stick together when taken down, and folded in cloths con- 
taining 60 or 70 yards each 3 and canvaa finished entirely with the 
composition, leaving it to dry one day between each coat, will not 
stick together, if laU In auautities. 

It has been ascertaioea from gctual trials, that the solution of yel- 
low soap is a preservative to red, yellow, and black paints, when 
groand. in oil end pot ipto qtski, as they acquire no improper hard- 
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tieM, and dry in a remarkiible manner when laid on with tie brush, 
without the use of the usual drying articles. 

It is surprising that the adoption of«soap, which is so well known 
• to be miscible with oily substances, or, at least, the alkali of which 
it Is composed, has not already bced brought into use in the compo- 
hi^iou of oil colours. 

Coloured Com positions for rendering Linen and Cloth impenetiahle 
to tViiler, — Begin by washing the stuff w»ith hot water ; then dry and 
I ub it between the hands until such time as it becomes perfectly sup- 
ple; afterwards spread it out by drawing it into a frame, and 
give it, with the aid of a brush, a first coat, composed of a mixture 
of eight quarts of boiling linseed oil, 15 grammes of calcined amber 
and acetate of lead, (of each grammes) to which add grammes 
of lamp-black. For the second coat use the same ingredients as 
above, except the calx of lead. This coat will give a few hours, ac- 
cording to the season 3 aftenwards take a dr^^ plasterer's brush, and 
rub tiie stuff strongly with it, when the hair by this operation will 
become very smooth. The third and last coat will give a perfect and 
durable jet black. 

Or rather t||ke 12 quarts of boiling linseed oil, 30 grammes of am- 
ber, 15 grammes of acetate of lead, 7^ sulphate of zinc, 15 Prussian 
blue, and verdigris 3 mix them very fine with a little oil, and add 
120 grammes of lamp-black. These coats are used at discretion, as 
is done with painting. 

To Thicken Linen Cloth for Screens and Bed Testers. — Grind whi- 
ting with zinc, and to prevent cracking, add a little honey to it 3 
then take a soft brush, and lay it upon the cloth, and so do tw^o or 
three times, suffering it the mean ^hile to dry between ladings on, 
and for the last laying, smooth it over with Spanish u bite, ground 
with linseed oil, the oil being first heated, and mixed with a bmall 
quantity of the litharge of gold, the better to endure the weather, 
and so it will be lasting. 

Common Wax, or Varnished C7oM.— The manufacture of this kind 
of cloth is very simple. The cloth and linseed oil are the principal 
articles required for th*e establishment. Common canva^ of an open 
and coarse texture, is extended on large frames, placed under sheds, 
the sides of which are open, so as to afford a free passage to the ex- 
ternal air. The manner in which the cloth is fastened to these frames 
is as follows : it is fixed to each side of the frame by hooks which 
catch the edge of the cloth, and by pieces of strong packthread pass- 
ing through holes at the other extremity of the hooks, whicli are tied 
round moveable pegs placed in the lower edge of the frame. The me- 
chanism by which the strings of a violin are stretched or unstretched^ 
will give some idea of the arrangement of the pegs employed for ex- 
tendiim the cloth in this apparatus. By these means the cloth can 
be stretched or relaxed, when the oily varnish has exercised an 
on itn texture in the course of the operation. The whole being 
rodf arranged, k liquid paste made with drying oil, which mey be 
varied at pleasure^ is applied to the cloth. 
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To make Liquid Paste uith Drying OIL — Mix Spanish white or 
tobacco-pipe clay, or any other argillaceous matter, with water, and 
leave it at rest some hours, which will be sufficient to separate the 
argillaceous parts, and to produce a sediment. Stir the sediment with 
a broom, to complete the division of the earth ; and after it has 
rested some seconds, decant the turbid water into an earthen or 
wooden vessel. By this process the earth will be separated from the 
sand and other foreign bodies, which arp precipitated, and which 
must be thrown away. If the earth has been' washed by the same 
process, on a large scale, it is di\ided by kneading it. The super- 
natant water is thrown aside, and the sediment placed, in sieves, on 
pieces of cloth, where it is suffired to drain: it is then mixed up with 
oil rendered di7ii)g by a large dose of litharge, that is about a fourth 
of the weight of the oil. The consistence of thin paste being given 
to the mixture, it is spicnd over tlie cloth by means of an iion spatu- 
la, the length of which is equal to that of the breadth of the ilotli. 
This spatula performs the paif of a knife, and pushes forward the 
excess of matter above the quantity sufficient to co\cr the cloth. 
When the first stratum is dry, a second is applied. The inequalities 
produced by the coarseness of the cloth, or by an unequal extension 
of the paste, are smoothed down with pumice-stone. The piimicc- 
stonc is reduced to powder, and rubbed over the cloth with a piece of 
soft serge or cork dipped in water. The cloth must then bo well 
washed in water to clean it \ and after it is dried, a varnish of gum 
lac dissolved in linseed oil boiled with turpentine, is to be applied 
to it. 

This preparation produces yellowish varnished cloth. Arhen 
wanted black, mix lamp-black with the Spanish white, or tobacco- 
pipe clay, which forms the basis of the liquid paste. Vai ious shades 
of grey may be obtained, according to the quantity of lamp-black 
which is added. Umber, Cologne earth, and difTereiit ochry aigilla- 
ceous earths, may be used to vary the tints, without causing any 
addition to the expense. 

To prepare fine Printed Famished Cloths , — The process just de- 
scribed for manufacturing common yarnished and polished cloths, 
way serve to give some idea of that employed for making fine cloths 
of the same kind, decorated wdth a coloured impression. The manu- 
factories of Germany have varnished cloths embellished with large 
and small subjects, figures, and iaodscapes, wdl executed, and which 
are destined for covering furniture subjected to daily use. 

This process, which is only an improvement of the former, requires 
a finer paste, and cloth of a more delicate texture. The stratum of 
paste is applied in the same manner, and w'hcu dry and polished, the 
cloth is taken from the frame and removed to the painter’s table, 
where the art of the colourist and designer is displayed under a 
thousand forms ; and, as in that of printed cottons, exhibits a rich- 
ness of tints, and a distribution of subjects, wdiich discover taste, 
and ensure a ready sale for the articles manufactured. 

The processes, however, employed in these two arts to extract lli<» 

3 C 
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colouring parts are not the same. In the art of cotton printing the 
colours are extracted by the bath^ as in that of dyeing. In printing 
Tarnished cloths, the colouring parts are the result of the union of 
drying oil mixed with varnish ; and the different colours employed in 
oil painting or painting in varnish. 

The varnish applied to common oil cloth is composed of gum lac 
and drying linseed oil ; but that destined for printed varnished cloths 
requires some choice^ both in regard to the oil and the resinous matter 
which gives it consistence. Prepared oil of pinks and copal form a 
varnish very little coloured, pliable, and solid. 

To prepare Famished Silk. No. 1 . — Varnished silk, for making 
umbrellas, capots, coverings for hats, &c. is prepared in the same 
manner as the varnished and polished cloths already described, but 
with some variation in the liquid paste or varnish. 

If the surface of the silk be pretty large, it is made fust to a 
wooden frame furnished with hooks and moveable pegs, such as that 
used in the manufacture of common varnished cloths. A soft paste, 
composed of linseed oil, boiled with a fourth part of litharge ; to- 
bacco-pipe clay, dried and sifted through a silk sieve, 16 parts ; 
litharge ground on porphyry with water, dried and sifted in the same 
manner, 3 parts 3 and lamp-black, 1 part. This paste is then spread 
in an uniform manner over the surface of the silk, by means of a 
long knife, having a handle at each extremity. In summer, twenty- 
four hours are sufficient for its desiccation. When dry, the knots 
produced by the inequalities of the silk are smoothed with pumice* 
stone. This operation is performed with water, and when finished, 
the surface of the silk is washed. It is then suffered to dry, and flat 
copal varnish is applied. 

It it be intended to polish this varnish, apply a second stratum; 
after which polish it with a bail of cloth and very fine tripoli. Tiie 
varnished silk thus made, is very black, exceedingly pliable, and has a 
fine polish. It may he rumpled a thousaud ways without retaining 
any fold, or even the mark of one. It is light, and thereby proper 
for coverings to hats, and for making cloaks and caps so useful to 
travellers in wet weather. * 

No. 2 . — A kind of varnished silk, which has only a yellowish 
colour, and which suffers tlie texture of the stuff to appear, is pre- 
pared with U mixture of 3 parts boiled oil of pinks, and 1 part of fat 
copal varnish, which is extended with a coarse brush or a knife. Two 
strata are sufficient when oil has been freed from its greasy particles 
over a slow Are, or when boiled with a fourth part of its weight of 
litharge. 

The inequalities arc removed by pumice-stone and water ; after 
which the copal varnish is applied. This simple operation gives to 
w'hite silk a yellow colour, which arises from the boiled oil and the 
varnish. 

This varnished silk possesses all those qualities ascribed to certain 
preparations of silk which are recommended to be worn as jackets by 
persons subject to rheumatism. 
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To recover rarwjA.— Clear off the filth with a ley made of potash, 
and the ashes of the lees of wine j then take 48 ounces of potash, 
and 16 of the above-mentioned ashcs,.and put them into 6 quarts of 
water, and this completes the ley. 

To polish Varnish , — ^This is effected with pumice-stone and Tripoli 
earth. The pumicc-stonc must be reduced to an impalpable powder, 
nnd put upon a piece of ser^e moistened with water ; wiih this mb 
lightly and equally the varnished substance. The tiipoli must aKo 
be reduced to a very fine powder, and put upon a clean woolleu cloth, 
n.oistcncd with olive oil, with which the polishing is to be performed. 
The varnish is then to be wi|)ed off with soft linen, and when quite 
dry. cleaned with starch or Spanish white, and rubbed with the palm 
of the hand. 


ANTI-AITRITION. 

To prepare Anil- Attrition , — According to the spccifiratioit of (Ijc 
patent, this mixture consists of one hundred weight of plumbago, to 
hundred W'eight of hog's-lard. or ether grease ; 1 lie two lobe 
tvell incorporated. The a])pliration is to pre\<'nt tlu* effects c»f fiie. 
tiou in all descriptions of engines or inacbi.es; and a siilluh-nt 
quantity must be rubbed over the surface of tlic axle, spliulle, or 
other part where the Itcaring is. 


ASSAYING OF METALLIC ORES. 

Before metallic ores are worked upon in the large way, it will be 
necessary to enquire what sort of metal, and what portion of it, is 
to be found in a determined quantity of the ore ; to discover whether 
it will be worth while to extract it largely, and in what manner the 
process is to be conducted, so as to answer that purpose. The know- 
ledge requisite for this, is called the art of assaying. 

Assay of Ores in the Dry Way , — The assaying of ores may be per- 
formed either in the dry or moist w^ay ; the first is tho most ancient, 
and, in many respects, the most advantageous, and consequently still 
continues to be mostly used. 

Assays are made either in crucibles with the blast of the bellows, 
or in tests under a muffle. 

Assay Weights , — The assay weights are alwmys imaginary, some- 
times an ounce represents an hundred weight on the large scale, and 
is subdivided into the same number of parts, as that hundred weight 
is in the great ; so that the contents of the ore obtained by the as- 
say, shall accurately determine by such relative proportion, the quan- 
tity to be expected from any weight of the ore on a larger scale. 

Boasting the Ore , — In the lotting of the ores, care should be taken 
to have email portio.ns from different specimens, which should be pul- 
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verized« and well mixed in an iron or brass mortar. The proper 
quantity of the ore is now taken* and if it contain either sulphur or 
arsenic* it is put into a crootble or test, and exposed, to a moderate 
degree of heat, till no vapour arises from it ; to assist this volatiliza* 
tion, some add u small quantity of }>owdered charcoal. 

F/uxes., To assist the fusion of the ores, and to convert the ex- 
traneous matters connected with them into scoria, assayers use dif- 
ferent kinds of fluxes. The most usual and efficacious materials for 
the coin])osition of these are* borax, tartar, nitre* sal ammoniac* 
common salt, glass, fluor-spar, charcoal powder* pitch, lime, litharge, 
&c. in diflereiit proportions. 

Crude of White Flux, — This consists of 1 part of nitre, and 2 of 
tartar, well mixed together. 

Black Flux, — The above crude flux detonates by means of kindled 
charcoal, and if the detonation be eflected in a mortar slightly covered, 
the smoke that rises unites with the alkalised nitre and the tartar, 
and renders it black. 

Coruish' Reducing Flux, 

10 oz. of tartar, 

3 oz. and (> drachms of nitre^and 
3 oz. and 1 drachm of borax. — Mixt well togethe? 

Cornish Refining Flux, — Deflagrate* and afterwards pulverize, 2 
parts of nitre, and 1 part of tartar. 

The above fluxe.s answer the purpose very well, provided the ores 
be deprived of all their sulphur 5 or, if they contain much earthy mat- 
ters, because, in the latter case, they unite with them, and convert 
them into a thin glass : but if any quantity of sulphur remsiin, these 
fluxes unite with it, and form a liver of sulphur, which has the powei 
of destroying a portion of all the metals ; consequently, the assay 
under such circumstances must be very inaccurate. The principal 
difficulty in assaying appears to be in the appropriation of the pro- 
per fluxes to each particular ore, and it likewise appears, that such a 
dihcriminating knowledge can only be acquired from an extensive 
practice, or from a knowledge of the chemical affinities and ac- 
tions of diflcreiit bodies upon each other. 

In assaying, we are at liberty to use the most expensive material? 
to eftVet our purpose*, h( nco, the use of diflerciit saline fluxes ; but in 
the woiking at huge, such expensive means cannot be applied } as by 
such procerscs the inferior metals would be too much enhanced in 
value* especially in working very poor ores. In consequence of 
which, in smelting works, where the object is the production of metaU 
in the great way, cheaper additions are used ; such as lime- stone, 
feldt-spar, fluor-spar, quartz, sand, slate, and slags. These are to 
l>e chosen according to the difierent views of the operator, and the 
nature of the ores. Thus iron ores, on account of tiic argillaceous 
earth they contain, require calcareous additions, and the copper ores, 
rather slags or vitrcscent stones* than calcareous earth. 

• Humid Assay of Metallic Orer^The mode of assaying ores for 
their particular metals by the dry way* b deficient so far as relates to 
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pomtiog out the different substunces connected \ritli them^ because 
they are alvirays destroyed by the process for obtaining the 98say 
netal. The assay by the moist way is moic correct, because the dif- 
ferent substances can be accurately ascertained. The late celebrated 
Bergman first coinmuuicHted this method. It depends upon a 
knowledge of the chemical acuities of different bodies for each 
other i and must be varied according to the nature of the ore ; it is 
very extensive in its application, and recpiires great patience and ad- 
dress in its execution. To describe the treatment of each variety of 
metallic ores, would take up too nnicli of our room ; but to give a 
general idea, wc shall describe the ))iocedure, both in the dry and the 
humid way, on one species of all the different ores. 

7b Assay Iron Orcs» No. 1 — ^I'he ore must be roasted till the 
vapour ceases to arise. Take 2 assay quintals of it, and triturate 
them with one of fluor-spar, I of a quintal of powdered charcoal, 
and 4 quintals of decrepitated sea salt 5 this mixture is to be put 
into a crucible, lined on the inside with clay and powdered charcoal ; 
a cover must be luted upon the crucible, and the crucible itself ex- 
posed to a violent fire for an hour, and when it is cool, broken. 
When, if the operation has been well conducted, the iron will be found 
at the bottom of the crucible 5 to which must be added those metal- 
lic particles, which may adlicre to the scoria. TJie metallic particles 
so adhering may be separated, by pulverising it in paper, and then 
attracting them with a magnet. 

No. 2.— If the ore should be in a calciforin state, mixed with 
earths, the roasting of it pievious to assaying, if not del ri mental, is 
at least superfluous j if the earths should be of the argillaceous and 
siliceous kind, to half a quintal of them, add of dry quick lime and 
fluor-spar of each I quintal and reduced to pouder, and mix them 
with ^ of a quintal of powdered charcoal, coxering the whole with 
one ounce of decrepitated common salt j and expose the luted cruci- 
ble to a strong forge fire for an hour and a qxiaiter, then let it gradu- 
ally cool, and let the regulus be struck off and weighed. 

3 . — If the ore contain calcareous earth, there will be no occa- 
sion to add quick lime ; the propoition of the ingredients may he as 
follows viz. 1 assay quiiftal of the ore ; 1 of decrepitated sea- 
salt 5 I of powdered chaicoal •, and 1 of fluor-spar, and the process 

conducted as above. ^ ^ , u u 

There is a great difference in the rcgnli of iron 5 when the cold 
regulus is struck with a hammer and breaks, the iron is called cold 
short: if it break on being strnck icd-hot, it is called red short; 
but if it resist the hammer, both in its cold and ignited state, it is 

g(»od iron. ^ . 1 j 

Humid Assay of Iron 0/c.— To assay the calciform ores, which do 
not contain much earthy or stony matter, they must be reduced a 
fine powder, and dissolved in the marine acid, and precipitated by 
the Prussian alkali. A determinate quantity of the Prussian alkali 
mast be tried previously, to ascertain the portion of iron which it 
will precipitate, and the estimate made accordingly. If the iron 
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contain any considerable portion of zinc or manganese, tbe precipf* 
tate must be calcined to redness, and the calx treated with dephlo- 
gisticated nitrous ^acid, which ^vill then take up only the calx of 
zinc } when this is separated, the calx should again be treated either 
with nitrous acid, with the additio*) of sugar, or with the acetons 
acid, which will dissolve the manganese, if any 3 the remaining cal c 
of iron may then be dissolved by the marine acid, and precipitated 
by the mineral alkali 3 or it may be farther calcined, and then weighed. 

Zinc Om.— Take the assay weight of roasted ore, and mix it 
well with ^ part of charcoal dust, put it into a strong luted earthen 
retort, to which must be fitted a receiver 3 place the retort in a fur- 
nace, and raise the fire, and continue it in a violent heat for two 
hours, suffer it then to cool gradually, and the zinc will be found ad- 
hering to the neck of the retort in its metallic form. 

In the humid Distil vitriolic acid over calamine to dryness 3 

the residuum must be lixiviated in hot water 3 what remains undis- 
solvcd is siliceous earth ; (o the solution add caustic volatile alkali, 
which precipitates the iron and argil, but keeps the zinc in solution. 
Tbe precipitate must be re-dissolved in vitriolic acid, and the iron 
and argil separated. 

Tin Ore,?.— Mix a quintal of tin ore, previously washed, pulveriz- 
ed, and roasted, till no Arsenical vapour arises, with half a quintal oc 
calcined borax, and the same quantity of pulverized pitch 3 tiiese are 
to be put into a crucible moistened with charcoal-dust and water, 
and the crucible placed in an air furnace. After the pitch is burnt, 
give a violent heat fir a quarter of an hour, and on withdrawing the 
crucible, thcregulus will be found at the bottom. If the ore be not 
well washed from earthy matters, a larger quantity of borax will be 
requisite, with some powdered glass 3 and if the ore contain iron, 
some alkaline salt may be added. 

In the humid way, — ^The assay of tin ores in the liquid way, was 
looked upon as impracticable, till Bergman devised the following 
method, which is generally successful. Let the tin ore be well sepa- 
rated from its stony matrix, by* well vi^ashing, and then reduced to 
the most subtle powder 3 digest it in concentrated oil of vitriol, in a 
strong heat for several hours, then, W'hen cooled, add a small portion 
of concentrated marine acid, and sufier it to stand for an hour or two 3 
then add water, and when the solution is clear, pour it off, and pre- 
cipitate it by fixed alkali — 131 grains of this precipitate, well wash- 
ed and dried, are equivalent to 100 of tin in its rcgnline state, if the 
precipitate consist of pure tin 3 but if it contain copper or iron, it must 
be calcined in a red heat for an hour, and then digested in nitrous 
arid, which will take up the copper 3 and afterwards in marine acid, 
which will separate the iron. 

Lead Ores . — As most of the lead ores contmn either sulphur or 
arsenic, they require to be well roasted. Take a quintal of roasted 
ore, with the same quantity of calcined borax, half a quintal of fine 
powdered glass, a quarter of a quintal of pitch, and as much clean 
iron filiugs. Line the c/iicible with wetted charcoal dust, and put 
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the mixture into tlie crucible, and place it before the bellows of a 
forge-fire. When it is red hot, raise the lire for 15 or 20 minutes, 

. then withdraw the crucible,, and break It wlien coiit. 

In the humid Dissolve the ore by boiling it in dilute nitrons 

acid 3 the sulphur, insoluble stony parts, and calx of iron will remain. 
The iron may be separated by digestion, in the marine acid, and the 
sulphur by digestion, in caustic fixed alkali. The nitrous solution 
contains the lead and silver, which should be precipitated by the 
mineral fixed alkali, and the precipitate well washed in cold water, 
dried, and weighed. Digest it in caustic volatile alkali, which will 
take up the calx of silver, the residuum being again dried and 
weighed, gives the proportion of the calx of lead, 132 grains of 
which are cqnai to 100 of lead in its metallic state. The differ- 
ence of weight of the precipitate before and after tlte application 
of the volatile alkali, gives the quantity of silver, 129 grains of which 
' are equal to 100 of silver in its metallic state. 

Copper Ores. — Take an exact troy ounce of the ore, previously pul- 
verized, and calcine it well 3 stir it all the time with an iron rod, 
without removing it from the crucible 3 after the calcination add an 
equal quantity of borax, half the quantity of fusible glass, one-fourth 
the quantit\!j||pf pitch, and a little charcoal-dust 3 rub the inner sur- 
face of the crucible, with a paste cotn|)o.scd of charcoal-dust, a little 
fine powdered clay and water. Cover the mass with common salt, 
and put a lid on the crucible, which is to be placed in a furnace ; tire 
fire is to be raised gradually, tilljtbuins briskly, and the crucible con- 
tinued in it for half an hour, stirring the metal frequently w itli an 
iron rod, and w’hcn the scoria w'hich adheres to the rod appears 
clear, then the crucible must be taken out, and suffered to cool 3 afttT 
\\ hich it must be broken, and the regulus separateS and weighed 3 
this is called black copper, to refine which, cepjal parts of common 
salt and nitre are to be well mixed together. TliC black coj)pcr is 
brought into fusion, and a tea-spoouful of the flux is thrown upon 
it, which is repeated three or four times, when the metal is poured 
into an ingot mould, and the button is found to be fine copper. 

In the humid way. — Make a solution of vitreous coj>pcr ore, in 
5 times its weight of concentrated vitriolic acid, and boil it to diy- 
ness 3 add as much water as will dissolve the vitriol thus formed 3 
to this solution add a clean bar of iron which will prcci|)itatc the 
whole of the copper in its metallic form. If the solution he conta- 
minated with iron, the copper most be re-di.s8oIvcd in the same man- 
ner, and precipitated again. The sulphur may be sc])aratcd by fil- 
tration. 

Bismuth Ores. — If the ore be mineralized by sulphur, or sulphur 
and iron, a previous roasting will be necessary. The strong ores re- 
quire no roasting, but only to be reduced to a fine powder. Take 
the assay weight and mix it with half the quantity of calcined bo- 
rax, and the same of pounded glass ; line the crucible with charcoal 3 
melt it as quickly as possible 1 and u^hen w'cll done, takeout the cru- 
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eible« and let it' cool gradually. The regulus will be found at the 
bottom. 

In the Humid .•^Bismuth easily soluble in nitrous acid or 
aqua- regia. Its solution is colourless, and is precipi table by the ad- 
dition of pure water ; 1 18 grains of the precipitate from nitrous acid 
well washed and jJrieJ, are equal to 100 of bismuth in its metallic 
form. 

Antimonial Orer.— Take a 'common crucible, bore a number of 
small holes in the bottom, and place it in another crucible a size 
smaller, luting them well together, then put tlie proper quantity of 
ore in small iuin|is into the upper crucible, and lute thereon a cover ; 
place these vess^ on a health, and surround them with stones about 
six ii>ches distant from them ; the intermediate space roust be filled 
witli ashes, so that the undermost crucible may be covered with them ; 
but upon the upper charcoal .must be laid, and the whole made red 
hot by the assistance of hand-bellows. The antimony being of easy 
fusion is separated, and runs through the holes of the upper vessel 
into the iiiferioc one, where it is collected. 

Humid Assay of Arseniated Antimony —Dissolve the ore in aqu.i- 
rr'gia, both the regulus and arsenic remain in the solution, the sul- 
phur is separated by filtration. If the solution be boil^ with twice 
its weight of strong nitrous acid, the regulus of antimony will be 
precipitated, and the arsenic converted into an acid, which may be 
obtained by evaporation to dryness* 

Manganese Ore.-yThe regulus is obtained by mixing the calx or 
ore of manganese with pitch, making it into a ball, and putting it into 
a crucible, lined with powdered charcoal, l-KHh of an inch on tlio 
bides, and ^ of an inch at bottom, then filling the empty space with 
charcoal dust, ddveriog the crucible with another inverted and luted 
on, and exposing it to the strongest heat of a forge for an hour or 
more. 

In the Humid The ores should be first well roasted to de- 

phlogisticate the calx of manganese and iron, if any, and then treated 
with nitrous acid to dissolve the earths. The residuum should uow 
be treated with nitrous acid and sugar^ by which means a colourless 
solution of manganese will be obtained, and likewise of the iron, if 
any. Precipitate with the Prussian alkali, and digest the precipitate 
in pure water ; the prussiate of mangauese will be dissolved, whilst 
the pruSsiate of iron will remain undissolved. 

Arsenical This assay is made by sublimation in close ves- 

sels. Beat the ore into small pieces, and pot them into a matrass^ 
v/hich place in a sand-pot, with .'t proper degree of heat 5 the arsenic 
b jblinies in this operation, and adheres to the upper part of the yes- 
s«>r ; when it must be carefully collected with a view to ascertain its 
weight. I^ouietimes a single sublimation will not be sufficient, for 
the arsenic in many cases u ill melt with the ore, and prevent its 
total volatilization ; in which case it is better to perform the first 
subfimation with a moderate heat, and afterwards braise the lis- 
maiiider again, and expose it to a stronger heat. 
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In the HtcmU ITay.-— Digest the or# in marine acid, adding the 
nitrous by degrees to heip the solution. The sulphur will be found on 
the filter } the arsenic will remain in the solution, and may be preci- 
pitated in its metallic form by zinc, adding spirit of wine &> the so- 
lution. 

Nickel Ore, — ^The ores must be well roasted to expel the sulphur 
and arsenic 3 the greener the calx proves during this torrefaction, 
the more it abounds in the nickel 3 but the redder it is, the more 
iron it contains. The proper quantity of this roasted ore is fused in 
an open crucible, with twice or thrice its weight of black dux, and 
the whole covered with common salt. By exposing the crucible to 
the strongest heat of a forge-hre, and making the fusion complete, 
a regulus will be produced. This regulns is not pure, but contains a 
portion of arsenic, cobalt, and iron. Of the first it may be deprived 
by a fresh calcination, with the addition of powdered charcoal 3 and 
of the second by soorilication 3 but it is with difficulty that it is en.- 
tirely freed from the iron. 

In the Humid Way, — By solution in nitrous acid, it is freed from 
its sulphur 3 and by adding water to the solution, bismuth, if any, 
may be precipitated : as may silver, if contained in it, by the marine 
acid ; and copper, when any, bv iron* 

To separate cobalt from nickel, whdn the cobalt is in considerable 
quantity, drop a saturated solution of the roasted ore in nitrous acid 
into liquid volatile alkali 3 the cobaltic part is instantly re^dissolved 
and assumes a garnet colour 3 when filtered, a grey powder remains 
on the biter, which is the nickel. The cobalt may be precipitated 
from the volatile alkali by any acid. 

Cobalt Free them us much as possible from earthy matters 

by well washing, and from sulphur and arsenic by roasting. The 
ore thus prepared is to be mixed with three parts of black flux, and a 
little decrepitated sea-salt : put the mixture in a lined crucible, cover 
it, and place it in a forge-fire, or in a hot furnace, for this ore is very 
difficult of fusion. 

When well fused, a metallic regulus will be found at the bottom, 
covered with a scoria of a deep blue colour ; as almost all cobalt 
ores contain bismuth, this is reduced by the same operation as the 
regulus of cobalt : but as they are incapable of chemically uniting 
together, they are always found distinct from each other in the cru- 
cible. The regulus of bismuth having a greater specific gravity, is 
always at the bottom, and may be separated by a blow with a hammer. 

In the Humid Way. ^Make a solution of the ore in nitrous acid, 
or aqua-regia, and evaporate to dryness ; the residuum, treated with 
the acetous acid will yield to it the cobaltic part ; the arsenic should 
be first precipitated by the addition of water. 

Mercurial Orei.— The calciform ores of mercury arc easily reduced 
without any addition. A quintal of the ore is put into a retort, and 
a receiver luted on, containing some water 5 the retort is placed in a 
sand-bath, and a sufficient degree of beat given it, to force over the 
mercury which is condensed in the water of the receiver. 
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Sulphurated Mercurial Oret. — ^The snlpboreous ores are assayed 
by distillation in the manner above^ only these ores require an equal 
weight of clean iron-filings to be mixed with them, to disengage the 
sulphur^ while the heat volatilizes the mercury, and forces it into the 
receiver. These ores should likewise be tried for cinnabar, to know 
whether it will answer the purpose of extracting it from theio : for 
this a determinate quantity of the ore is finely powdered and put into 
a glass vessel, which is exposed to a gentle heat at first, and gradually 
increased till nothing more is sublimed. By the quantity thus acquired 
a judgment may be formed whether the process will answer. Some- 
times this cinnabar is not of so lively a colour as that which is used 
In trade ; in this case it may be refined by a second sublimation, and 
if it be still of too dark a colour, it may be brightened by the addi- 
tion of a quantity of mercury, and subliming it again. 

Humid Assay q/* Ciana^r.— The stony matrix should be dissolved 
in nitrous acid, and the cinnabar, being disengaged, should be boiled 
in 8 or 10 times its weight of aqua regia, composed of 3 parts nitrous, 
and 1 of marine acid. The mercury may be precipitated in its run- 
ning form by zinc. 

Silver Ores . — Take the assay quantity of the ore finely powdered, 
and roast it well in a proper degree of heat, frequently stirring it 
with ail iron rod j then add to it about double the quantity of gra- 
nulated lead, put it in a covered crucible, and place it in a furnace ; 
raise the fire gently at first, and continue to increase it gradually, 
till the metal begins to work i if it should appear too thick, make it 
thinner by the addition of a little more lead ; if the metal should 
boil too rapidly, the fire should be diminished. The surface will be 
covered by degrees with a mass of scoria, at which time the metal 
should be carefully stirred with an iron book heated, especially to- 
wards the bolder, lest any of the ore should remain undissolved ^ 
and if what is adherent to the hook when raised from the crucible, 
melts quickly again, and the extremity of the hook, after it is grown 
cold, is covered with a thin, shining, smooth crust, the scorification is 
perfect ; but, on the contrary, if while stirring it, any considerable 
clamminess is perceived in the scoria, and when it adheres to the 
hook, though red hot, and appears unequally tinged, and seems dusty 
or rough, with grains interspersed here and there, the scorification 
is incomplete ; in consequence of which the fire should be increased 
a little, and what adheres to the hook should be gently beaten off, 
and returned with a small ladle into the crucible again. When the 
scorification is perfect, the metal should be poured into a cone, pre- 
viously rubbed with a little tallow, and when it becomes cold, the 
scoria may be separated by a few strokes of a hammer. The button 
is the produce of the assay. 

By Cupe/lation.-^Teke the assay quantity of ore, roast and grind 
it with an equal portion of litharge, divide it into 2 or 3 parts, and 
wrap each up in a small piece of paper ; put a cupel previously, sea- 
son^ under a muffle, with about 6 times the quantity of lead upon it. 
'N^^hen the lead begins to work, carefully put one of the papers upon 
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it, and after this is absorbed, put on -a second, and so on till the whole 
quantity is introduced; then raise the fire, and as the scoria is formed, 
it will be taken up by the cupel, -and at last the silver will remain 
alone. This will be the produce of the assay, unless the lead con- 
tains a small portion of silver, which may be' discos ered by putting 
an equal quantity of the same lead on another cufiel, and working it 
off at the same time ; if any silver be produced it must be deducted 
from the assay. This is called the witness. 

In the humid way . — Boil vitreous silver ore in dilute nitrous acid, 
using about 25 times its weight, until the sulphur is quite exhausted. 
The silver may be precipitated from the solution by marine acid, or 
common salt ; 100 grains of this precipithte contain'*75 of real silver ; 
if it contain any gold it will remain undissolved. Fixed alkalies pre- 
cipitate the earthy matters, and the Prussian alkali will show if any 
other metal be contained in the solution. 

Tu Assay the value of Silver . — ^The general method of examining 
the purity of silver is by mixing it with a quantity of lead propor- 
tionate to the supposed portion of alloy : % testing this mixture, 
and afterwards weighing the remaining button of silver. This is the 
same process as rehuing silver by cupellation. 

It is supposed that the mass of silver to be examined, consists of 
12 equal parts, called penny-weigiits ; so that if an ingot weighs an 
ounce, each of the parts will be l'12th of an ounce. Hence, if 
the mass of silver be pure, it is called silver of 12 penny-weights ; 
if it contain 1-1 2th of its weight of alloy, it is called silver of 11 
penny-weights : if 2-12ths of its weight be alloy, it is called silver 
of 10 penny-weights ; which parts of pure silver arc called 5 penny- 
weights. It must be observed here, that assayers give the name 
penny-weight, to a weight equal to 24 real grains, which must not 
be confounded with their ideal weights. The assayers’ grains are 
called fine grains. An ingot of fine silver, or silver 12 penny- 
we ghts, contains, then, 288 fine grains ; if this ingot contain ]-288tli 
ot alloy, it is said to be silver of 1 1 penny- weights and 23 grains ; 
if it contain 4-288ths of alloy, it is said to be 1 1 penny- weights, 20 
grains, &c. Now a certain real weight must be taken to represent 
the assay-weights : for instance, 36 real grains represent 12 fine 
penny^welghts ; this is subdivided into a sufficient number of other 
smaller weights, which also rep^sent fractions of fine penny-weights 
and grains. Thus, 18 real grains represent 6 fine penny-weights ; 

3 real grains represent 1 fine penny-weight, or 24 grains ; a real 
grain and a half represents 12 fine grains: l-32d of a real grain re- 
presents a quarter of a fine grain, which is only 1 •752nd part of a 
mass of 12 penny- weights. 

Double Assay of Silver . — It is customary to make a double assay. 
The silver for the assay should be taken from opposite sides of the 
ingot, and tried on a tooch-st<me. Assayers know pretty nearly the 
value of silver merely by the look of the ingot, and still better by 
the test of the touch-stone. The quantity of lead to be added is re- 
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ilated by the portion of alloy, which being in general copper, 
nearly as follows : 

Silver of dwts. 

grs. dwts.gr8. 

Requires from 

11 

g MM ... «... 

5 to 6 \S 

0 

12 

8 — 9 if 

From 19 

18 to 9 0 

12 — 13 f -o 

8 

6 — 7 12 

13—14 } sM 

6 

18 — 6 0 

14 “• 1 s *S 

3 

0 — 1 12 

0 — 16 1 i 

1 

12 — 0 18 

0 — 2o;a 


The cupel must be heated red hot for half an hour before any me- 
tal 18 put upon it> by which tA\ moisture is expelled. When the cupel 
is almost white by heat, the lead is put into it, and the hre increased 
till the lead becomes red hot, smoking, and agitated by a motion of 
all its parts, called its circulation. Then the silver is to be put on 
the cupel, and the hre continued till the silver has entered the lead 
and when the mass circulates well, the heat must be diminished by 
closing more or less the door of the assay furnace. The heat should 
be so regulated, that the metal on its surface may appear convex and 
ardent, while the cupel* is less red ^ Chat the smoke shall rise to the 
roof of the muffle «, that undulations shall he made in all directions ; 
and that the middle of the metal shall appear smooth, with a small 
circle of litharge, which is continually ^ imbibed by the cupel. By 
this trciitineut, the lead and alloy will entirely be absorbed by the cupel, 
and the silver become bright and shining, when it is said to lighten ; 
after w'hich, if the operation has been well performed, the silver will 
be covered with rainbow colours, which quickly undulate and cross 
each other, and then the button becomes nxed and solid. 

The diminution of weight shews the quantity of alloy. As all lead 
contains a small portion of silver, an equal weight with that used in 
the assay, ia tested off, and the product deducted from the assay 
weight. This portion is called the witness. 

To Assay Plated Take a determinate quantity of the 

plated metal ; put it into an earthen vessel, with a sufficient quan- 
tity of the above menstruum, and place it in a gentle heat. When 
the silver is stripped, it must be collected with common salt ; the 
calx must be tested with lead, and the estimate made according to 
the product of silver. 

Ores and Earths containing Go/a.— No. 1 .-—That which is now 
most generally used is by amalgamation, the proper quantity is taken 
and reduced to a powder ; about 1-1 0th of its weight of pure quick- 
silver is added, and the whole triturated in an iron mortar. The at- 
traction subsisting between the gold and quicksilver, quickly unites 
them in the form of an amalgam, which is pressed through shamois 
leather ; the gold is tasily separated from this amalgam, by exposure 
to a proper degree of heat, which evaporates the quicksilver, and 
leaves the gold. This evaporation should be made with luted vessels. 

This is the foundation of nil the operations by which gold is ob« 
tallied from the rich mines of Peru, in Spanish America. 
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No. 2 .— Take a quantity of the gold^sand, and heat it red-hot, 
quench it in water ^ repeat this two or three times, and the colour of 
the sand will become a reddish brown. Then mix it with twice its 
weight of litharge, and revive the* i»tharge into lead, by adding a 
small portion of charcoal-dust, and exposing it to a proper degree of 
heat s when the lead revives, it separates the gold from the sand ; 
and the freeing of the gold from the lead must be afterwards per- 
formed by cupellation. 

No. 3. — Bergman assayed metallic ores containing gold, by mixing 
two parts of the ore, well pounded and washed, with of litharge, 
and 3 of glass ; covering the whole with common salt, and melting it 
in a smith’s forge, in a covered crucible ;.he then ophned the crucible, 
put a nail into it, and continued to do so, till the iron wall no longer 
attacked. The lead was thus precipitated which contained the gold, 
and was afterwards separated by cupeilation. 

Humid Assay of Gold mixed with Martial Pyrites . — Dissolve the 
ore in twelve times its weight of dilute nitrous acid, gradually added ; 
place it in a proper degree of heat ; this takes up the soluble parts, 
and leaves the gold untouched, with the insoluble matrix, from which 
it may be separated by aqua regia. The gold may be again separated 
from the aqua regia by pouring ether upon it j the ether takes up the 
gold, and being buint off leaves it in its metallic state. The solu- 
tion mav contain iron, copper, manganese, calcareous earth, or argil j 
int be cvapoiated to drjness, and the residuum heated to redness 
for half an hour, ^oiatile alkali will extract the copper 5 dcphlogistl- 
cated nilious acid, the eaiths ; the acetous atid, the manganese ; and 
the riidrine acid, the calx ot iron. The sulphur floats on the first 
solution, from which it should be separated by filtration. 


PARTING. 

By this process gold and silver are separated from other. 
These two metals equally resistiag tlie action of and lead, must 
therefore be separated bv other means. Tliis m effected by different 
menstrua. Niiroua acid, marine acid and suliihur, which cannot attack 
gold, operate upon silver} and these are the principal agents em- 

ploved in this process. ' , 

Partine bv nitrous acid is most convenient, cori^qnently most 
used,— indeed, it is the only one employed by goldsmiths. This is 

called stmplv parting. . . . « 

lliat made by the marine acid is by cementation, and is called 
centrated parting; and parting by sulpbnr is made by fusion,. and 

called Dry Pahtin'o. , . 

Parting by Aqua-Foriis. This process cannot succeed unless we 
attend to some essential circumstances: 1st. 1 be gold and silver 
must be in a piopdr portion, viz. the silver ought to be three parts to 
one of gold ; though a mass containing two parts of silver to one of 
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gold may be parted. To judge of the quality of the metal to be 
parteib assayers make a comparison upon a touch-stone, between it 
and certain needles composed of gold and silver, in graduated pro- 
portions, and properly marked ; Arhich are called Proof Neeules. 
If this trial shews that the silver is not to the gold as three to one, 
the mass is improper for the operation, unless more silver be added ; 
and 2dly, that the parting may be exacts the aqua-fortis must be very 
pure, especially free from any mixture of the vitriolic or marine acid. 
For if this were not attended to, a quantity of silver proportionable 
to these two foreign acids would be separated during the solution ; 
and this quantity of sulphate of silver would remain mingled with 
the gold, which consequently would not be entirely purified by the 
operation.* 

The gold and silver to be parted ought previously to be granulated, 
by melting it in a crucible, and pouring it into a vessel of water, 
giving the water at the same time a rapid circular motion, by quickly 
stirring «it round with a stick. ^The vessels generally used in this 
operation are called parting glasses, which ought to be very well 
annealed, and chosen free from daws ; as one of the chief inconve- 
niences attending the operation is, that the glasses are apt to crack by 
exposure to cold, or even when touched by the hand. Some operators 
secure the bottom of the glasses by a coating composed of a mixture 
of oew-slaked lime, with beer and whites of eggs spread on a cloth, 
and wrapped round the glasses at the bottom ; over which they apply 
a composition of clay and hair. The parting glasses should be 
placed in vessels containing water supported by trivets, with a fire 
under them ; because if a glass should break, the contents are caught 
in the vessel of water. If the heat communicated to the water be 
too great, it may be properly regulated by pouring cold water gradually 
and carefully down the side of the vessel into a parting glass 1 5 
inches high, and 10 or 12 inches wide at the bottom ; placed in a 
copper pan 12 inches wide at bottom, 15 inches wide at top, and 10 
inches high ; there is usually put about 80 oz. of metal, with twice 
as much of aqna-fortis. 

The aqua-fortis ought to be so strong as to act sensibly on silver 
when cold, but not so strong as to act violently. Little heat should 
be applied at first, as the liquor is apt to swell and rise over the 
vessd ; but when the acid is nearly saturated, the heat may safely be 
increased. When the solution ceases, which is known by the efler- 
vescence discontinuing, the liquor is to be poured off, if any grains 
appear entire, more aqua-fortis must be added, till the silver is all 
dissolved. If the operation has been performed slowly, the remaining 
gold will have the form of distinct musses. The gold appears black 
after parting ; its parts have no adhesion together, because the silver 
dissolved from it has left many interstices. To give them more soli* 
dity, and improve their colour, they are put into a test under a muffle, 
and made red hot, after which they contract and become more solid, 
and the gold resumes its colour and lustre. It is t)ien called Grain 
Gold. If the operation hf» been performed hastily, the gold will 
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have the appearance of black mud or powder, uhicb, after well 
washing, must be melted. 

The siUtf is usually recovered by precipitating it from the aqua- 
fortis by inems of pure copper. Ifihe solution be perfectly satu- 
rated, no precipitation can take place, till a few drops of aqua-fortis 
are added to tlie liquor. 'J'he precipitate of silver must be well 
washed with boiling water, and may be fused wdth nitre, or tested olF 
with lead. 

Parting ly Cementation.-^ A cement is prepared, composed of 4 
parts of bricks powdered and sifted ; of one part of green vitiiol 
calcined till it becomes red ^ and of one part ot common salt : this 
18 to be m «de into a hrin paste with a little water. It is called the 
Cement Royal. 

The gold to be cemented is reduced into plates as thin as money. 
At the bottom of the crucible or cementing pot, a stratum of cement, 
of the thickness of a fmger, is put, which is covered with plates of 
gold ; and so the strata are placed alternately. The whole is covered 
with a lid, which is luted with a mixture of clay and sand. This 
pot must be placed in a furnace or oven, heated gradually till it 
becomes red hot, in which it roust be continued during 24 hours. The 
heat must not melt the gold. The pot or crucible is then suflered to 
cool 5 and the gold caicfully separated from the cement, and boiled 
at different times in a large quantity of pure water. It is then assayed 
upon a touch •stone, or otherwise ; and if it be not sufficiently pure, 
it is cemented a second time. In this process the vitriolic acid of the 
bricks, and of the calcined vitriol, decomposes the common salt during 
the cementation, by uniting to its alkaline base, while the marine acid 
becomes concentrated by the beat, and dissolves the silver allo}cd 
with the gold. This is a very troublesome process, though it suc- 
ceeds when tlie portion of silver is so small that it would be defended 
from the aptlon of aqua-fortis by the super-abundant gold ; but is 
little used, except to extract silver, or base metals, from the surface 
of gold, and thus giving to an alloyed metal, the colour and appear- 
ance of pure gold. 

Dry Par /iwg.— This process is performed by sulphur, which will 
easily unite with silver, but does not attack gold. As this dry 
parting is even troublesome as well as expensive, it ought not to be 
undertaken but on a considerable quantity of silver alloyed with gold. 
The general procedure is as follow's.— The metal must Be granulated; 
from 1’8 to Vb of it (according as it is richer or poorer in the gold ) 
is reserved, and the rest well mingled with an eighth of powdered 
Sulphur ; and put into a crucible, keeping a gentle fire, that the sil- 
ver, before melting, may be thoroughly penetrated by the sulphur ; 
if the fire be hastily urged, the sulphur will be dissipated. If to 
sulphurated silver infusion, pure silver be added, the latter falls to 
the bottom, and forms there u distinct fluid, not miscible with the 
other. The particles of gold having no affinity with the sulphurated 
silver, join themselves to the pure silver wherever they come in con- 
tact, and are thus transferred fropa the former into the latter, more or 
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less perfectly^ according as the pure silver was more or less tborougli- 
ly diflased through the mixture. It is for this use that a part of the 
granulated silver was reserved. The sulphurated mass being brought 
into fusion^ and kept melting fot nearly an hour in a covered crucible, 
one third of the reserved grains is thrown in^ which, when melted, 
the whole is well stirred, that the fre^h silver may be distributed 
through the mixed to collect the gold from it ; this is performed with 
a wooden rod. This is repeated till the vUiole reserved metal be iii- 
trodneed The sulphurated silver appears, in fusion, of a dark brown 
colour ; after it has been kept in fusion for a certain time, a part of 
the sulphur having escaped trom the top, the surface becomes white, 
and some bright drops of sil\er, about the size of a pea, areperc€i\ed 
on it. When this happens the hre must he immediately disconti- 
nued, for otherwise more and more of the silver thus losing its sul- 
phur, would subside and mingle with the pai*t at the bottom, in which 
thi gold IS collected. The whole is poured into an iron mortar greased 
and duly heated. The gold diffused at hrst through the whole mass, 
is now found collected in a part of it at the bottom, (amounting only 
to about as much as was reserved unsulpliurated from the mass) by a 
chisel or hammer, or more perfectly by placing the whole mass with 
its bottom upwards in a cructble, the sulphurated part quickly melts, 
leaving, nii melted, that which contains the gold. The sulphurated 
silver is assayed, by keeping a portion of it in fusion in an open cru- 
cible, till the sulphur is dissipated, and then by dissolving it in aqua- 
fortis. If it should still be found to contain gold, it must be sub- 
jected to the same treatment as before. The ^old thus collected may 
be concentrated into a smaller part by repeating the whole process, 
so that at lust it may be parted by aqua-fox tis without too much ex- 
pense. 


IRON AND STEEL. 

Expeditious mode of reducing Iron Ore into Mallealh /row.— llie 
way of proceeding is by stamping, washing, &c. the calcine and ma- 
terials, to separate the ore from extraneous matter ; then fusing the 
prepared ore in an open furnace, and instead of casthjg it, to suffer 
it to remain at the bottom of the furnace till it becomes cold. 

New Method of Shingling and Manufacturing Iron, — ^The ore 
beipg fused in a reverberating furnace, is conveyed, whilst fluid, into 
an air-farnace, where it is expo8(*d toastiong heat, till a bluish 
flame is observed on the surface i it is then agitated on the surface, 
till it loses its fusibility, and is collected into lumps called loops. 
These loops are then put into another air-furnace, brought to a white 
or welding heat, and then shingled into half blooms or slabes. They 
are again exposed to the air-furnace, and the half-blooms taken out 
and forged into anconies. Oars, ha f fats, and rods for wire ; while 
the sMes are {passed, when of a welding beat, tfp'ough the grooved 
rollers. In this way of proceeding, it matters not whether the iron 
is prepared from cold or kot’^short metal, nor is there any occasion 
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for tbo Qfe of finery^ riiarooal, eoke, chafcry, or hollow fire i or any 
blast by bellows ; or otherwise : or the usie of fliixea» In any par! of 
th^ process. 

Approved Method of Welding /roR.i-*Thi8 consists in the sklUb! 
bundling of the iron to tie welded i in the use of an extraordinary 
lai^e foTge<hamtner« in employing a ballingfurnace, instead of a kol- 
low fire or chcfery ; and in passing the iron, reduced to a melting beat^ 
through grooved mill-rollers of different shapes and sises, as reouired. 

Common f/drdenia^.— ‘Tron, by being heated red hot, and plunged 
into cold water, acquires a great degree of hardness. This proceeds 
' from the coldness of the water which contracts the particles of the 
iron into less space. 

^are-Hardenisg.— Case-hardening is a superficial conversion of 
iron into steel by cementation. It is performed on small pieces of 
iron, by enclosing them in an iron box, containing burnt leather* 
bone-dust, or any other carbonic material, exposing them for 
some hours to a red heat. The surface of the iron thus becomes per- 
fectly metallized. Iron thus treated is susceptible of the finest polish. 

To convert Iron into Steel by Cemen/ation.— The iron is formed 
into bars of a convenient size, and then placed in a cementing fiuw 
nace, with sufficient quantity of cement, which is composed of coals 
of animal or vegetable substances, mixed with calcined bones, &c. The 
following are very excellent cement Ist, one part of powdered 
charcoal, and half a part of wood-ashes well mixed together ; or, 
2diy, two parts of charcoal, moderately powdered, one part of bones, 
horn, hair, or skins of animals, burnt in close vesvls to blackness 
and powdered $ and half a part of wood-ashes } mix them well to- 
gether. The bars of iron to be converted into ateel, are placed upon 
a stratum of cement, and covered all over with the same ; and the 
vessel which contains them, closely luted, must be exjiosed to a red 
heat for 8 or 10 hours, when the iron will be converted into steel. 

Steel is prepared from bar iron by fusion ; which consists of plung- 
ing a bar into melted iron, and keeping it there for ome time, by 
which process it is converted into good steel. 

All iron which becomes harder by suddenly quenching in cold 
water Is called steel ; and that steel which in quenching acquires the 
greatest degree of hardness in the lowest degree of heat, and retains 
the greatest strength in and after induration, ought to be considered 
as the best. 

Improved process of hardening Articles manufactured rf steel 

for the purposes of cutting, are, almost without an exception, hard- 
ened from the anvil ; in other words, they are taken from tlie foiger 
to the hardener without undergoing any intermediate process } and 
such is the accustomed routine, that the mischief arising has escaped 
observation. The act of forging produces a strong scale or coating, 
which is spread over the whole of the blade ; and to mako the evil 
still more formidable, this scale or coating is unequal in substance 
varying iu pro|iortion |jo the degree of heat comoinnicated to the 
steel in forging i it is, partlallyt almost impeoetrable to the action, ef 
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water when immersed for the purpose of hardeninf. Hence it is 
that different degrees of hardness prevail in nearly every razor ma- 
nuf^emtured : this is evidently a positive defect ; and so long as it 
continues to exist, great difference of temperature must exist like- 
wise. Razor-blades not unfrequently exhibit the fact here stated in 
a very striking manner : what are termed clouds, or parts of unequal 
polish, derive their origin from this cause j and dearly and distinctly, 
or rkther distinctly though not clearly ^ show how far this partial 
coating has extended, and where the action of the water has been 
yielded to, and where resisted. It certainly cannot be matter of asto- 
nishment, that so few improvements have been made in the harden- 
ing of steel, when the evil here complained of so universally obtains, 
as almost to warrant the supposition that no attempt has ever been 
made to remove it. The remedy, however, is easy and simple in the 
extreme, and so evidently efficient in its application, that it cannot 
but excite surprise, iPut, in the present highly improved state of our 
manufactures, such a communication should be made as a discovery 
entirely new. 

Instead, therefore, of the enstomary mode of hardening the blade 
from the anvil, let it be passed immediately from the hands of the 
forger to the grinder ; a slight application of the stone will remove 
the whole of the scale or coating, and the razor M’ill then be properly 
prepared to undergo the operation of hardening with advantage. It 
will be easily ascertained, that steel in this state heats in the Are with 
gi eater regiilurlty, and that when immersed, the obstacles being re- 
moved to the immediate action of the water on the body of the s^eel, 
the latter becomes equally hard from one extremity to the other. To 
this may be added, that, as the lowest possible heat at which steel he^ 
tomes hard is indubitably the best^ the mode here recommended will 
be found the only one by which the process of hardening can be 
effected with a less portion of hre than' Is, or can be required in any 
ether way. These observations are decisive, and will, in all proba- 
bility, tend to establish in general use what cannot but be regarded 
as a very important improvement in the manufacturing of edged steel 
instruments. 

English cast Aeef.-^Tbe finest kind 6f steel, called English cast 
steel, is prepared by breaking to pieces blistered steel, and then melting 
it in a crucible with a flux composed of carbonaceous and vitrifiable in- 
gredients. The vitrifiable ingredient is used only inasmuch as a fnsi^- 
ble body, which flows over the surface of the metal in the crucibles, 
and prevents the access of the oxygen of the atmosphere. Broken glass 
is sometimes used for this purpose. 

When thoroughlyTused it is cast into in^ts, which by gentle beat- 
ing and careful hammering, are tilted into baifs. By this process the 
steel becomes more highly carbonized in proportion to tbe quantity of 
flux, and in consequence is more brittle and flisibie than before. 
llenjNl, it surpasses alt other steel in aaifOritiity of texture, hardness, 
afid Closeness of min, and fa the mftteriki employed In all the finest 
artiefes of English cudery. 
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To make Edge-tools from cast Steel and Iron,— This method con- 
sists m fixing a clean piece of wrought iron* brought to a wddiog 
heat, in the centre of a mould, and then pouring in melted steel, so 
as entirely to envelope the iron | and then forging the mass into the 
shape required. 

To colour Steel Blue.— The steel must be finely polished on its 
surface, and then exposed to an uniform degree of beat. Ac- 
cordingly, there are three ways of colouring : first, by a flame pro- 
ducing^ no soot, as spirit of wine j secondly, by a hot plate of iron ; 
and thirdly, by wood-ashes. As a very regular degree of heat is 
necessary, wood-ashes for fine work beprs the nieference. The work 
must be covered over with them, and carefully watched ; when the 
colour is sufficiently heightened, the work is perfect. This colour is 
occasionally taken off with a very dilute marine acid. 

To distinguish Steel from Iron,— The princi|d Characters by uhich 
steel may distinguished from Iron, areas foKw 

1. After being polished, steel appears of a u Inter, light grey hue, 
without the blue cast exhibited by iron. It also takes a higher polish. 

2. The hardest steel when not annealed, appears granulated, but 
dull, and withoulf shining fibres. 

3. When steeped In acids the harder the steel is, of a darker hue 
is its surface. 

4. Steel is not so much inclined to rust as iron. 

5. In general, steel has a greater specific gravity. 

6. By being hardened and wrought, it may be rendered much more 
elastic than iron. 

7. It is not attracted so strongly by the mignet as soft iron. It 
likewise acquires magnetic properties more slowly, but retains them 
longer ; for which reason, steel is used in making needles for com- 
passes, and artificial magnets. 

8. Steel is ignited sooner, and fuses with le«is degree of heat, than 
malleable iron, which can scarcely bo made to fuse without the ad- 
dition of powdered charcoal $ by which it is converted into steel, 
and afterwards into crude iron. 

9. Polished steel is sooner tinged by beat, and that with higher 
colours, than iron. 

10. In a oalciiiing heat, it suffers less loss by burning,^ than soft 

iron do*es in the same beat, and the same time. In calcination a light 
blue flame hovers over the steel, either with or without a sulphure- 
ous odour. ' 

1 1. The scales of steel are harder and sharper than those of iron ; ^ 
and consequently more fit for polishing with. 

12. In a white heat, when exposed to the blast of the bellows 
among the co^s, it begias to sweat, wet, or melt, partly with light- 
coloured and bright, and. partly with red sparkles, bat less crackling 
than those of iron. In a ineltiiig heat too, it consumes faster. 

J3. .In the vitriolic, nitrous, and other acids, steel is violently at- 
tacked, but is longer in dissolving- than iron. After maceration, ac- 
cording as it is softer or harder, it appba^s of a lighter, or darker grey 
colour : while iron on the other band is white. 

3d2 
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JEoloptle A bollo\r metallic ball^ with a small orifice, 

to shew the power of steam. 

Anneal, To expose iron or other metals to the action 

of (ire» in order to reduce them to a greater 
^ degree of tenacity. 

Anvil A block or mass of iron, with a hardened 

steel surface^ on which smiths and other 
artificers hammer and fashion their work. 

Arbor, , * The principal spindle or axis which commu- 

nicates tiiotlon to the other parts of a ma- 
chine. 

Arm,** The length of the sail of a windmill measured 

* from the axis. 

Arms (Axle)* m** 9*0 9 * The two ends of an axle-tree; projecting 
supports in machinery. 

Ask^hole, ••••••••«•• A receptacle for the ashes which fall from the 

hearth of a furnace. 


Attraction of Cohesion, The attraction which holds the particles of 
matter to each other. 

■■ ■■■— of Gravitation. The force which causes all ponderous bodies 


to fall towards the earth’s centre. 

Augur . 00 0 0** 00 The wimble or tool used in the boring of 

woods. 

Auiomaton** 0 0 0 0** 00 A machine which, by an internal arrange- 
ment, seems to move of itself. 

Azis» The spindle or centre Of any rotatory motion. 

^ of oscillation. 0 0» The shaft upon which any body vibrates. 

— in peritrochio, * * One of the six mechanical powers ; usually 

called the wheel and axle. 

— of rotation,* • • •• The shaft round which any body revolves. 

Backboards Boai^ds attached to the rims of the water- 

wheel, to prevent the water running off 
the floats Into the interior of the wheel. 

Backlash. 0 0 00 00.0 0 0 The hobbling movement of a wheel not 
fixed firm on its axis. 


water-wheel during floods, or from other 
causes. 

Balahca An instrument which, by the application of 

the lever, exhibits tlie weights of bodies. 
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•#•••••• Tlie movable lath or bar of a loom which 

serves to strike in or dose^ more or leas, 
the threads of a woof : a long narrow slip 
of wood in 'carpentry. 

Batter. A madiine used early in the process of the 

cotton manufacture. 

Bayonet. A piece of wood or metal with two legs to 

^disengage and re-engage machinery : vide 
Miil-^ering. 

Beats The strokes made by the pallets or fangs of 

a spindle in clock or watch movements. 

Beetle • « An implement for flattening the texture oif 

linen or woollen cloth : a heavy mallet. 

BeveUgeer Wheels in which the teeth are set at angles 

of various degrees fron^the radius. 

Bitts Small tools used in boring. 

Bloom A bar of iron to be passed through the rol- 

lers of an iron -mill to be elongated into a 
bar, rod, or hoop. 

Blunging The act of mixing of kneading clay for the 

potter's use. 

Bobbins Little circular pieces of wood on which the 

thread of cotton, silk^&c. is wound. 

Bolter A machine for sifting mSl* 

Bolting-cloth A doth through which the sifted meal runs. 

Brace A curved instrument of iron or wood for mov- 

ing small boring tools called bitts. 

Bracket A support fixed to a wall. 

Brake A machine for separating the cuticle or outer 

skin from the flax plant. 

Brazing The soldering or joining two pieces of metal 

by melting of brass between the pieces to 
be joined. 

Breast, The first part of a revolver carding-engine. 

Breasting The drcular sweep of masonry, file, which sur- 

rounds the shuttle side of a breast- wheel. 

Breast^plate. A small piece of steel with holes to receive 

the ends of a drill. 

Breast»wheel A water-wheel on which water 'is admitted 

at or nearly level with the axis. 

Buff-stick A piece of wood covered with buff leather, 

used for polishing. 

Bullet . To alter the wards of a lock in such manner 
that they may be passable by more than 
one key. 

Bush... A hole in the nave of a wheel. 

Cceteris paribus. ..... Other things being equal. 

Calibre. The diameter of a hole. 

Calk To force oakum, tow, or other material in 
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the joints of Tes^elSj to make them^steam^ 
air, or water-tight. 

Camh An eccentric. 

Capstan,, A vertical post resting on a pivot and tnroed 

by powerfol arms or fevers to raise heavy 
weights by crane work } a windlass. 

Carbon Charcoal. 

Card Piece of leather gontaining namerous iron<» 

wire teeth, forming a species of eomb«) 
vide Cotton Manufacture. 

Case-haiden The process of converting the surface of iron 

into steel. 

Casting, The act of forming metal or other matter 

into any required shape, by pouring it into 
moulds while in a 6uid state. 

Catch, Various contrivances in mechanicsi to act on 

the principle of a latch. 

Cement A composition for joining hard bodies. 

Centre- 1 it ,, . A boring tool in carpentry. 

Centrifugal ,,,* Flying from the centre. 

Centripetal Flying to the centre. 

Chafery, A kind of forge in the iron manufaoture, 

^ where the metal Is exposed to a welding 
heat. 

Chaliometer An instrument to measure heat. 

Chamfer A groove to receive the tenon in carpentry. 

Cheeks A term generally applied to those pieces of 

timber in machinery, which are double^ 
and correspond with each other. 

Chord,,,,,,, Perpendicular let fall from any radius of a 

circle. 

Chuck, That part of a lath which revolves with the 

, arbor : to this is affixed the article to be 

turned. 

Circumference, The measure round any circle. 

Clack A bell so contrived that it shall ring when 

more corn is required to be put in the mill. 

Clamp A pile of unburot bricks raised for burning. 

Clip An arrangement to impede velocity by fne- 

tioD. 

Clutch VUe Bayonet. 

Cockling • . « • To enti|ngle. 

Cocoon A small imll of silk spun by a silk-worm. 

Cog This word, correctly speaking, implies teeth 

formed of a different material to the body 
of the wheel } but is generally used to 
express all kinds of toothed wheels. 

Oaneeniric . Having thesanie centre. 

iCous/dfing forces , .... Various forces combined iqto one. 

Constant forces, Force without interruption. 
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C^ixoctilc forces Forces which decrease. 

Core The internal mould which forms a hollow in 

foimdry : as the hollow of a tub or pipe. 

Countersink To take off*the edge lound a hole to let lo a 

screw-head, that it may be even with the 
surface. 

Couplings To connect two shafts or spindles longitiidi* 

Dally. 

Coupling4sox A strong piece of hollow iron to connect 

shafting and throw machinery in and out 
of geer. 

Crank mm A bent .part of a shafts by means of uhkh 

a roctiilnear motion is gaii^ed. 

Crow-bar A strong bar of iron used as a temporary 

lever. 

Crown-wheel Awheel which has teeth at right angles to 

its radii. 

Cycloid A geometric curve. 

dy Under, A long round body ; a roller. 

Dam The bank or wall which pens back the wafer 

in a mill-head. 

Data, Facts froffl wliich wc may deduce results. 

Decimetre, • • • To measuie by tenths.^ 

Dint The wire staple which constitutes the tooth 

of a card. 

DeM A machine for dividing rags or cotton in the 

first process of the manufacture of paper 
or cottOD. 

Diameter m • .••••••• / The line which passes through the centre of 

a circle. 

Die • • • « Pieces of steel for cutting screws, having c 

threads countersunk ou them : a stamp. 

Doffer That part of a carding machine wliich tak s 

the cotton from the cylinder. 

Doffing-plate ..,«•••• The plate which receives the cotton from the 
dofier. 

Dog Apiece in small machinery which acts as 

a pall. 

Draw-plate A steel plate, having a gradation of conical 

holes, through which metals are drawn to 
be reduced and elongated. 

Drench To wet or inundate. 

Oriil-boWm A small bow moved by hand to impart mo- 

tion to a drill. 

Drum A hollow cylinder. 

Ductile, Malleable and soft. 

Sccentric • • * • Deviating from the centre $ as cambs, at* 

taebed to the rim or circumference of a 
^a(t for lifting forge hammers, stampers. 
Sic. 
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Fffutivi^head . • 

Affluent 

^ffllUPp •<••••• 
Epicycloid. 

Equilihrlump • • • 

Btcapemeni . • • • 

Face qf the tooth 
Faggot 


Female-screw , n p p 
File 

First-mover 

Flanck • . 

Flank of the tooth, 

Float • • 


Floodgate 
Flux. . . . 


Fly-whetL • 
Foot-hrake . 
Forge m. •• • 




The real head,, or that which can be ifpplied 
to practice> 

Flowing from } running out. 

The act of flowing out. 

The curve deacribed in the air by n point on 
the circumference of a circle, when this 
circle rolls on another circle as its base. 

That peculiar state of rest in which a body 
is maintained by the force of gravitation, 
when the quantity of matter -in it is ex- 
actly equal on each side of the bar or point 
on which it is supported. 

The part of a clock or watch movement 
which receives the force of the spring or 
weight, to give motion to the pendulum or 
oalance. 

The curved part of a tooth which imparts 
impulse to another wheel. 

Pieces of iron bound together for re-manu- 
facture. 

Small vanes or sails to receive the impulse of 
the wind, and, by a connexion with ma- 
chinery, to keep the large sails of a smock 
wind-mill always in the direction bf the 
wind : an instrument to winnow corn ; also 
to decrease speed by its action on the air* 

llie spiral threaded cavity in which a screw 
operates. 

A tool used by smiths for the abrasion of 
metals j denominated, according to its 
fineness, rough, bastard, or smooth. 

Power, either natural or artificial. 

An edge or projection for the better connexion 
of piping or castings of any description. 

The straight pai’t of a tooth which receives 
impulse fiom another wheel. 

The board which receives the impulse of- 
the water either in breast or undershot- 
wbeels. 

A strong framing of timber to pen back or 
let out water. 

Ingredients put into a smelting furnace to 
fuse the ore of metals. 

A heavy wheel to maintain equable motion. 

A machine used in the flax manufacture. 

A maunfactory in which metals are made 
malleable i a fumaoe. 

To form by the hammer. 

Inequality of surfeMce $ act of nibbing together. 
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Krisket , Au iroa frame need in printing to keep the 

sheet of paper on the tyrapant and to pre* 
Tent the enargin from being blacked* 

Fulcrum The point or bar on which a lever rests* 

Paitof mill-work.' 

Gibbet . That part of a crane which sustains the 

weight of goods. 

Gig^milL^ ••••».•.•. A milt in which the nap of woollen cloth is 
raised by the application of teasels. 

Girder • The largest timber in a flooi*. 

Girt • Vide Gripe. 

Gravity, Tendency towards the centre of the earth : 

weight 

Gripe,, A pliable lever which can be pressed against 

a wheel to retard or stop its motion by 
friction. 

Gevemor .,•«••••••• A pair of heavy balls connected with ma- 
chinery to reflate the speed on the prin- 
ciple of central force. 

Gudgeon The centres or pivots of a water-wheel. 

Half •stuff. • • Ibis term^ in general^ implies any thing 

half-formed in the process of the manu- 
facture. 

Heald or Meddle fb/e Heddle. 

Heckle A metal coriib for the manufactim of flax. 

Heddle • • That portion of a loom which imparts mo- 

tion to the wai^ of a web during the pro- 
cess of manufacture. 

Helve., The shaft of a forge or tilt-hammer. 

Hopper, A funnel in which grain is deposited* whence 

it runs between the stones of a flour-mill. 

Horology The art of constructing. machines for mea- 

suring time. 

Hydraulics, The science which treats of the motion of 

fluids, of the resistance which the^ oppose 
to moving bodies* and of the various ma- 
chines in which fluids are the principal 
agent. 

Hydrodynamics* The science which embraces the phenomena 

exhibited by water and other fluids^ whe- 
ther they be at rest or in motion : it is 
generally divided into two heads, hydro- 
statics and hydraulics. ^ 

Hvdrostatics ,*••*.** * The science which considers the pressure, 
" eqnilibHum, and cohesion of fluids. 

Impact Transmission of fotce. 

Impinge • • • To dash against. 

In^tia \ That tendency which every piece of matter 
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jas^ when at restf to remain at reel ; and 
when IB motion, to continue that motion. 

In Vacua Empty apace, void. 

Isochronal M . Of equal duration. 

Isochronous The vibrations of a pendulnm. 

Jenney A machine used in the process of the cotton 

manufacture- 

* Vide Gibbet. 

Kiln A place where bricks are burnt. 

Kink or Kinkle^ llie entangling of cordage from overtwisting. 

Lateral. A horizontal or lengthwise movement. 

Lat^ Machine used by turners. 

Lantern.. A wheei with staff-teeth r the trundle or 

wallower. 

Leaves . ••••••.«••». The teeth of a pinion. 

Lever * One of the mechanical powers. 

lAneof centres •«••••« A line drawn from the centre of one wheel to 
the centre of another when their circum- 
ferences touch each other. 

Xocomofitie»« •••«•«•• The power of changing place. 

Loom. A machine used by weavers in the making of 

cloth. 

Machinist. One who makes machines. 

Mandrel. ... ........ Part of a lathe ; Cone used by smiths •, a 

cyliadncal piece of polished iron or steel 
pot down the core or hole of a pipe during 
« 'the process of elongation. 

Mastering. Preparation of lime used by tanners. 

Matrkcw. The concave form of a letter in which tlie 

types are cast. 

Maximum.... ^ mm m... Js the utmost extent of any movement or 
power. 

Mechanist One acquainted with the laws of mechanics. 

MilLhead. m. ........ The head of water which is to turn a mill. 

MiU^Udl.....m The water. which has passed through the 

wheel«race ; or is below the mill. 

Minimum. .......... The reverse of maximum. 

Momentum The force possessed by matter in motion. 

Manheg..m A wekht or mass of iron let fall from a 
height to drive piles into the earth. 
........... jMoiut. 

Movement. ...0...... The worldog part of a watch or dock. 

Nave. .......... .... The centre* or that part, of a whed in 

which the spokes or arms are fixed. 

NeaUng... 4.4. 4.^. »» Vi/a Annealing. 

Nippers............. Pincers with cutting edges for dividing 

metals. 

Nitsjcaieii... 9 .w^. 4 . A corrosive add extracted from nitre. 

Ouse....... ........ Preparation of bark used by tanners. 
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Overshoi^wheeL 


Oxyd..* 

Oxygen, 
Paddle , 
Pali . .. 


Pallet 

Pendulum 

Periphery 

Perpendicular^ ••••«•• 
Pick 

Pik 

Pin 

Pincers. 

Pinion 

Pirn 

Piston 

PiUh^lines 

Pitch of the wheel.. . . . 

Pivot 

P/a/ina.,« •••• •« •••• 

9 

Pltert 

Plumb 

Plunger.»m^.^ 

Portable steam-engine-. 


A wheel which leceim the water in bvckets 
at not more than 45 degrees from the 
apex. • 

A combination of oxygen with a metalUc or 
other base. 

A gas which sapports combnttion 

A kind of oar ; floats to a wheel. 

A small piece of metal whidi falls between 
the teeth of a ratchet*whed» to prevent a 
load which has been raised from descending 
when the operative power is removed. 

That part of a watch or clock escapement on 
which the crown-wheel strikes. 

A weight suspended by a flexible cord to an 
axis, so as to swing backwards and for- 
wards, when onCe raisedi by the force of 
gravitation. 

Tlie circumference of a wheel. 

At right angles to a given base. 

A chisel for dressing the stones of a flour- 
mill. 

A large piece of timber, pointed at one end» 
to drive into the earth to sustain the piers 
of bridges, fee. 

To strike a piece of metal with the narrow 
end of a hammer to form dents and pro- 
duce elongation. 

A tool formed by placing two levers on one 
fulcrum, regulated by a screw-movement, 
for holdinff bodies firmly. 

A small toothed wheel. 

The wound yarn that is on a weaver’s shuttle. 

A plug made to fit tight and work up and 
down a cylinder in hydraulic engines. 

The touching circumferences of two wheels 
which are to act on each other. 

The distance from the centres of two teeth, 
measured upon their pitch Jino. 

A short shaft on which a body turns or vi« 
brates. 

A white metal capable of withstanding great 
heats. 

A small tool constructed similarly to pincers. 

A leaden weight suspended by a cord to as- 
certain the perpenaicolar. 

A body that is forced into a fluid in hydrau- 
lic engines, to displace its own weight* 

A steaui-ehgine buBt in a compact form. 
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and not attached to the wall of the boild- 
ing in which it works. 

Proportional ctrcle$» •• Pide Pitch-lines. 

Proportional radiu • • • The radii* of two circles whose circum* 
ferences are in contact. 

Puddlings •••• The apt of ramming with clay to arrest the 

progress of water. 


Pulley A small wheel over which a strap is passed. 

(Quintal,. . A French or Spanish weight equivalent to 

lOOibs. of those respective nations. 

Rahbit or Bap^ii^ The strong wooden spring against w Inch the 

forge hammer strikes on its ascent. 

Race. The canal along which the water is convened 

to and from a water-wheel. 

Rack.mm*^^ A straight bar%hich has teeth similar to 

those on a toothed wheel. 

Radii, The plural of radios. 

Radius • • • The semi-diameter of a circle ; the arm or 

spoke of a wheel. 

Rasp. •;••»••••••••« A species of hie, on which the cutting pro* 

mioences are distinct, being raised by a 
point instead of an edge. 

Rasure • The act of scraping. 

Ratch,,,^ A oar containing teeth into which the pall 

drops to prevent machines running back. 

Ratchet-wheel. A wheel having teeth similar to those of a 

ratch. 

Reciprocating. Acting alternately. 

Rectdinear or Aecfi/iitea/ Consisting of right lines. 

Reed . • Part of a loom resembling a comb for divid- 

ing the warp. 

Regulator* A small lever in watch-work, which, byile- 

<* iug moved, increases or decreases the 

» , amount of the balance spring that is al- 

lowed to act. 

Reel. A frame on w hich yarn may be wound. 

Reeling The act of winding yarn on a reel. 

Resolution of Forces. Vide " Of the Actioii of Forces,” page 5. 

Reservoir A large basin or conservatory of water. 

Reverberatory Beating back. 

Reverberatory furnace. A furnace used in the iron and copper manu- 
factures. 

Rivet.^mm*m» •«••••«« -To form a head by the percussion of a ham- 
mer, to prevent a piece of metal which has 
been passed through an orifice, to con- 
nect things together, from returning. 

•••«•• A machine to divest cotton of the husk and 
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Other ^snperBuotts parts'^ previons to tlis 


commencemeDt of the manufacture. 

Rotatory Revolving. 

Rowqns • • • Cotton iu that part of the maoUfacture be- 

fore tt goea to Jthe roving frame*. 

Rubber A heavy file used for coarse work. 

RuhbU • • • • A modeof building \ vide Masonry, page537« 

Ryn<L • • • The piece of iron that goes across the bole 

in an upper mill-stone. 

Safety-valve, r. A valve which fits on the boiler of a steam* 

engine to gjuard against awdents by the 
steam obtaining too high a pressure. 

Saw-gtn A machine on the principle of the roller-gin. 

Scantling ••••••••.• The length, breadth, and thickness of any 

solid tmdy taken lineally. 

Scapemeni Escapement. 

Scotching • TR operation of packing hemp before it 

goes to the market. 

Scotia Slag from a smelting furnace. 

Scowering Barrel An octagonal, or other shaped barrel, in 

whicli scrap-iron, &c. is cleansed from rust 
by friction as it revolves. 

Scrap-iron • Various pieces of old iron to be re-manu- 

factured. 

Screw. One of the mechanical powers. 

Scribbler-Engine . An engine used in the process of the cotton 
manufacture. 

Shaft A long piece of wood or metal, on which 

large wheels are fixed in mill^work. 

Sheeve . . • • A small kind of pulley. 

Shoulder A support by means of a projection from a 

surface. 

Shrouding The boards, &c. which form buckets of 

water-wheels. 

Shuttle An arrangement to allow or slnit off water 

from a water-wheel 5 a small piece of 
wood which carries the thread in weaving. 

Si%e Gelatinous matter made from animal or \%- 

getable substances, and applied to fibrous 
materials to impart stiffness. 

S^as Scoria, or refuse 'from an iron furnace. 


hands. 

Slip Potter’s ejay of the requisite consistency. 

Sluice • Vent for w*ater i a kind of flood-gate 

Snail-movement An eccentric. 

Solder. Various compounds of metals for conjoining 

other metals that are less fusible than such 


compound. 
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Sparallei From 8par^o^v-billJ small nails to drive into 

•hoes. 

Spatula. ••.•••••••.. A thin kolfe^ used mostly to extend super* 

ficially home semi-fluid matter. « 

Spindle A thin piece of wood or steel on which yarn 

is wound after it has been twisted : a small 
kind of shaft. 

Spokes. The radial pieces which connect the periphe- 

, ry of a wheel with its centre-^iece or nave : 
this term is only applied to carriages. 

Spring An elastic body formed of metal or wood. 

Spring-arbor ........ The arbor or spring round which the main 

spring of a watch is wound. 

Spring-box. • • « The box which contains the main spring. 

Spur-geer • • • Wheels whose axei are parallel to each other. 

Splice To conjoin IcngHliiU ise two flexible pieces : 

by the interposition of their respective 
parts, so as to maintain theip in conjunc- 
tion by friction. 

Staffi,.^.. .......... The teeth of a trundle, lantern, or wal- 

lower. 

Staking-on To drive wedges in the bush of a wheel or 

pulley, to nx it Arm on a shaft or spindle. 

Start or Strut The partitions which determine the form of 

a bucket in an o\er*8hot wheel ^ the 
shoulder or wrest. 

Staves. The plural of staff. 

Steam-boat. ......... A boat moved by steam power. 

Steam-engine A machine for applying the force of steam 

to create motion. 

Steel-yard A machine which denotes the w^eiglit of bo- 
dies by placing them at different distances 
^ from its fnlcrum. 

Stereotype •••••••••• The art of casting solid plates from movable 

ty^s, to print from. 

Strike ...... A thing usea to strike any thing level in a 

^ measure : the strickle. 

Strata ••• •• Theplural of stratum. 

Stratum A single lajrer or bed of any one thing. 

Stuff . . This term is applied to an infinite variety of 

thlim } wood is, by the carpentor, called 
, stuff, so IS lime and hair by the bricklayer, 
and plaster by the plasterer, &c. 

Swag .............. An unecjual or hobbling motion. 

Swifts The rapid movement in a carding machine. 

Swinging Fide S^tebing. 

Swing^tree Any bedra that fibrates. 

A tVmg fixed in another body to turn round 

upot. 
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Syphon A bent tube with unaqiiiQ legs through which 

a fluid will flow by the force of gravity. 

Tciif-wfl/er.. , Water which impedes the water*whem in 
milUwork. 

Tank Reservoir for water^ &c. 

Teasels . Thistles used to raise the nap of cloth in the 

gig-mill. 

Tenon That part which fills up the mortise. 

Tilt-hammer » ... A hammer lifted by machinery^ to forge 
iron or steel. 

Treadle A lever affixed ^to a crank which communi- 

cates motion to machinery by a foot 
movement. 

Throwsting. Spinning. 

Triblet f^e Mandrel. 

Trutkies Small rollers for diminishing friction. 

Trundle A stflall wheel with staff teeth $ the lan- 

tern or wallow^r. 

Tuyere or Tue-iron, . . An orifice throngh which a blast or strong 


Undershot-wheel A wheel acted on by water below its centre. 

Uacuujn,, , m m m m Vold of sif. 

Talue A cover to an aperture, in hydraulic ma- 

chines, to prevent fluids talung a wrong 
’ coarse. 

Vane A flat surface capable of being moved by the 

current of a fluid ; as, for instance, the 
vanA of a windmill, moved by the wind. 

Tappets Projections on the plug-tree of a steam-en- 

gine which open and shut the valves at 
proper intervals. 

Vinnish A solution of certain resinous bodies in spi- 

rits or oils, which assumes a solid fofm on 
dlsbication. 

Velocity The measure of quickness with whidi a body 

moves. 

Vet tual • Perpendicular to the horiuon. 

Vihotwn R pid alternating motion. 

Ft t tual head The real or effective head. 

Fis- inertia JVide Inertia. 

IFnbhle A hobbling unequal motion. 

JFaUower Small wheel with staff teeth ; the trundle 

or lantern. 

fFarp,.,^ The layer of threads which extends tne 

length of the piece to be woven. 

fVasliers Small jiieces of metal placed under a nut to 

reduce friction. 
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Water-wheel A iiheel which receives its impulse from 

water. 

Weathering .•«•»••••• The aogle at wnich the sails of a windmill 
are set* to receive the impulse of the wind. 

Wedge An angularly shaped piece of wood or me- 

tal •y one of the mechaoical powers. 

Weft Fide Woof. 

Weight •••••«•••••• The measure of the amount of the attraction 

of gravitation in any body compared with 
that of other bodies. 

Welding The property of conjunction possessed by 

some metals at high temperatures. 

Wheel and Atie •••«•• One of the mechanical pon era. 

IFheel-race, •••••.••• The place in which a water-wheel is fixed. 

Whip • • •• •• To bind two rods together with small twine : 

the length of the sail of a windmill mea- 
sured from the axis. 

Whirl A rotatory motion with a decreasing speed. 

Winch Thd lever or handle to w hich force is applied 

In machines turned by manual labour. 

IViper^ An eccentric. 

Wire-draw, «••••••«« To redt.ee any longitudinal body exceedingly 

in the transverse section : rapid passage 
of a fluid through a conical orifice. 

Wbof.n •••••...•« •«.« Those portions of thread or yarn in clothe 
which lie across the length of the warp. 

Wrest or Wrist Tlie partitions which determine the form of 

the bucket in an overshot wheel ; tiie 
start or shoulder. 

Yam ••••••!••■•«•• The comblnaMbn of fibrous materials into a 

linear form by torsion. 
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